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ABSTRACT
The City of Greater Wollongong and the adjacent Municipality of 
Shellharbour lie 80 km south of Sydney on the New South Wales coast, 
spreading across a narrow coastal plain onto the slopes of the Illawarra 
escarpment. Originally a collection of small farming and mining villages, 
the urban area has - particularly since the development of a major steel 
plant and associated industries - coalesced into a continuous ribbon 
housing over 180,000 people. Suburbs have increasingly spread onto the 
escarpment foothills, although these slopes have a long history of 
instability. Many landslides were recorded even in the early days of 
settlement and very wet years, such as 1950 and 1974, have triggered 
major movements that destroyed or severely damaged houses.
H. N. Bowman in 1972 mapped the Wollongong area according to six 
zones of relative slope stability. The zone boundaries reflected mainly 
the location of known slips and the solid rock geology, because steep 
slopes and certain strata frequently combine to cause failure. However, 
landslips on the escarpment have often occurred not in bedrock but in 
mantles of mass movement debris. This debris - described as 'taluvium' 
because its composition is transitional between coarse rocky talus and 
fine colluvium - consists of large sandstone floaters set in a sandy clay 
matrix and covers many of the slopes to a depth of 5 m or more.
Two groups of taluvium are distinguished here:
- firstly the bouldery, strongly mottled relict deposits mantling the 
lower spurs of the escarpment and named Type M deposits
- secondly the less mottled and presently forming masses on the benches 
higher up the escarpment and named Type U.
The physical properties of the taluvium most related to its stability, 
that is, clay contents and plasticity indices, do not differ significantly 
between the two Types. In both groups, these parameters and the gradient
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of natural slopes suggest the taluvium is unstable in the long-term at 
gradients above 10-12°. Clearly therefore, instability is more likely 
on the higher steeper slopes of the escarpment. This trend is re-inforced 
by the increase in rainfall and runoff with elevation and by the rise to 
the south of unstable strata. Housing has spread onto many of the unstable 
slopes and frequently poor drainage or alterations to the slope during 
urban development have worsened instability.
The close relationship between marginal natural stability on taluvial 
slopes and landslip in the urban area is shown by three case studies. At 
Cope Place, a cut slope failed due to reduction of natural slope stability 
by oversteepening and poor drainage. The extensive failure at Mt. Ousley 
appears to be a reactivated ancient movement, again exacerbated by inter­
ference to the slopes and drainage. Along Buttenshaw Drive, major move­
ments in gently sloping land have been triggered by concentration of 
throughflow at the heads of streams and apparently also by high porewater 
pressures in very weathered claystone with a thin taluvial veneer.
Hence the taluvium's close spatial association with unstable slopes 
demonstrates that great care should be taken during urban expansion onto 
the debris-mantled slopes in the Wollongong area.
-8-
PART I




FACTORS AFFECTING THEIR STABILITY
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INTRQDUCTION
The taluvial deposits on the Iliawarra escarpment have received 
very little attention in the literature apart from the study by 
Walker (1963) of their soil profile characteristics and possible 
origin. Even their distribution has not been clearly defined. Whereas 
Walker (1960) mapped soils 'developed on debris avalanche deposits' in 
a continuous zone right along the escarpment from Wollongong to Nowra, 
Bowman (1972) showed only isolated patches of 'Quaternary talus'.
Bowman commented that only 'comparatively thick accumulations' (Bowman 
1972 p. 182) were mapped, but thinner unmapped deposits have been 
involved in some of the landslips studied by Bowman and by Hanlon (1958). 
Nevertheless both Bowman's (1972) and Hanlon's (1958) studies focussed 
on the role of lithology and structure in determining the stability of 
the escarpment slopes, and drew few general conclusions about the stab­
ility of debris-mantled slopes. In recent years however many new sub­
divisions in Wollongong have spread onto slopes that are taluvium- 
covered, and failures in these areas have been common. This study 
therefore aims to extend the earlier work of Hanlon (1958) and Bowman 
(1972) by investigating the distribution and characteristics of the 
taluvium, and the factors affecting the stability of the slopes on 
which it lies.
The approach taken is that largely poineered by M.A. Carson (1969), 
that is, interpretation of slope form and stability using concepts both 
of geomorphology and of soil mechanics. Geomorphic controls of mass 
movement by stream action, slope angle and lithological variations are 
interpreted in relation to the balance of forces operating on the slope.
The thesis has three major aims:
- firstly to accurately describe the distribution and properties of
the taluvium.
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- secondly to investigate the spatial relationsips between the 
taluvium and the factors affecting its stability, that is, under­
lying geology, topography, rainfall and urban development.
- thirdly to detail the form and processes of instability at three 
sites, as specific examples of the general relationships previously 
established.
In Chapter 1 therefore it has been necessary to consider processes 
acting in very different time scales. Firstly the long-term geomorphic 
development of the escarpment, as presently understood, has been out­
lined, to provide the setting for the more detailed discussion of 
slope processes pursued in later Chapters. Secondly the balance of 
forces acting on a slope at any one moment and governing its stability 
at that moment has been described. This apparent conflict in time scales 
is basic to the understanding of slope stability, as failure of a slope 
is governed both by long-term development (due to lithology, climate and 
topography) and by very short-term changes (such as intense rainfalls 
or disturbance during urban construction).
In Chapter 2 the distribution of taluvium is related to the under­
lying geology and the occurrence of known slips. Clearly from Bowman 
and Hanlon's studies, instability partly depends on bedrock geology; 
yet the taluvium too has often proved unstable. Also, the taluvial 
deposits themselves testify to previous major instability, although 
Walker (1963) considered them to be relict from former wetter climates. 
The questions raised in Chapter 2 thus centre on the origin of the 
taluvium and its relationship to different strata, on the extent of 
instability and the reasons for its spatial association with the 
taluvium, and on the possibility of distinguishing between stable and 
unstable taluvial slopes.
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In Chapter 3 detailed studies of the taluvium's properties are 
reported, to provide full descriptions and to allow classification of 
the material. The results also allow estimation of the shear strength 
of the material and of variations within and between deposits. Two 
separate deposits have been postulated by Walker (1963), and both 
Hanlon (1958) and Bowman (1972) have suggested that the taluvium’s 
properties vary with underlying bedrock; such differences could cause 
significant variations in the stability of the debris masses. Here it 
is noted that the stability of a slope depends not only on soil strength 
but also on external influences such as rising porewater pressures and 
oversteepening.
Chapter 4 thus deals with the distribution of heavy rainfalls with 
respect both to the landslips they have triggered in the past and to the 
spatial correspondence of unstable slopes and high rainfalls.
Finally in Chapter 5 the spread of housing towards areas of known 
instability is mapped and the effects of urbanisation on slope stability 
are discussed. While these effects are difficult to separate from those 
of natural instability and to appraise quantitatively, they frequently 
accentuate the speed or severity of movements in built-up areas.
Part I thus concerns the study area as a whole. It provides an 
analysis of the way in which the phenomena - taluvial slopes, rainfall, 
urbanisation - vary over the area and discusses the inter-relationships 
between these phenomena, a theme later pursued in detail in Part II.
It should be noted here that this study does not cover the entire 
Illawarra region. It has been confined to the narrow coastal plain and 
the escarpment rising behind that plain, to the north of the City of 
Wollongong. It includes ths suburbs between Mt. Keira in the south and 
Stanwell Park in the north, and covers a roughly triangular area about 
25 km long and up to 5 km wide. This area was chosen because it is
- H a ­
th ere that landslips in the urban area have been most common, that 
exposures of taluvial debris occur most frequently and that pressure 
for urban expansion further up the escarpment is greatest. Thus it 
provided both the most convenient site for study and the most crucial 
need for research, into slope stability, in the Illawarra region.
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CHAPTER ONE
THE PROCESSES OF SLOPE DEVELOPMENT ON THE ILLAWARRA ESCARPMENT
In 1945 the geographer W. H. Ward complained that engineers were 
generally unaware of geological and topographic controls on slope 
stability and that, in turn, geographers and geologists ignored well- 
established engineering principles and the advances of soil mechanics. 
Further, he remarked (Ward 1945, p. 147) that clear identification of 
types of landslides allowed the engineer to 'take appropriate remedial 
or safety measures' and the geographer/geologist to 'interpret the past 
and predict the present trends of topography'. These remarks clearly 
describe the two strands of understanding which, interwined, are nec­
essary to explain the form and stability of slopes - firstly the 
slope's stratigraphic and geomorphic character and history, and secondly 
the forces acting on and within it.
It is the purpose of this chapter to set out the bases of the above 
s trands, although knowledge in both fields is still very limited.
General models of slope evolution in humid landscapes are not definitive, 
with even such questions as 'slope retreat or slope decline?' being 
unresolved (Carson § Kirkby 1972, p. 319), while engineering models of 
slope stability usually incorporate estimated failure planes and take 
little account of soil variability. More particularly, the climates 
under which the Illawarra escarpment has evolved are still undefined 
and the rates at which slope processes act on it have not been measured. 
Study of engineering aspects has been confined to investigations of 
specific sites by public authorities and private owners, and only two 
reports of these studies have been published - one by Shellshear in 
1890 and the other by Amaral in 1975! Nevertheless, summary of our 
present understanding is a necessary preliminary to the work pre­
sented in this study.














GEOLOGY AND PHYSIOGRAPHY 
Stratigraphy
The Wollongong area lies within the Sydney Basin, a province of 
post-Carboniferous sedimentary and igneous strata upwarped on the 
margin to a 'half-saucer' shape (Fig. 1:1). In the southern part of 
the Basin, the warping has created a gently-dipping surface termed the 
Nepean Ramp by Taylor (1958) but also known as the Woronora Plateau 
(for example, Branagan § Packham 1967). Traditionally it has been 
thought (Andrews 1910, King 1967, Browne in Packham 1969) that the 
strata were peneplaned during the Miocene and uplifted during the 
Pliocene. However south of the Illawarra stratigraphic and structural 
re-interpretation in the Shoalhaven catchment (Young 1974) and dating 
of subaerial basalts on the coastal plain (Wellman and MacDougall 1974) 
show that upwarping of the Nepean Ramp and formation of the coastal 
escarpment must have occurred before the Miocene, at least 30 million 
years ago.
Accounts of the regional geology have been given by Harper (1915), 
Joplin et al (1952), Hanlon et al (1953), Wilson et al (1958), several 
contributors (Wilson, McElroy et al, Standard) in Packham (1969), and 
Bowman (1974). Other geologists have considered the sedimentology 
of the various strata (Cramsie 1964, Diessel et al 1967, Connolly 1968, 
Bowman 1970, Bunny and Herbert 1971, Bunny 1972). The most recent com­
prehensive work is that by Bowman (1972, 1974) who re-mapped the 
Wollongong urban area at 1:6336 during his study of slope stability, and 
the Kiama-Wollongong-Robertson region at 1:50,000. Bowman's nomenclature 
and brief descriptions of lithology are given in Table 1:1, and the 
boundaries mapped by him - with the exception of the areas of Quaternary 
talus - are adopted for this thesis (Fig. 1:2).
The escarpment is an erosional, not a fault, escarpment. Along
TABLE 1:1 STRATIGRAPHY OF THE ILLAWARRA AREA
CAINOZOIC 1 Quaternary Qa
Qt
Alluvium, beach and dune sands 
Talus
? cc Cordeaux Crinanite
Various teschenite, monchiquite sills
Middle-late 
Triassic
Wianamatta Group Rw Dark-grey mudrock with minor sandstone
Hawkesbury Sandstone Rh Quartzose ss. with occasional lenticular 
mudrock
Gosford Subgroup and 
Bald Hill Claystone Rnz Sandstone, mudrock, chocolate shale
Middle




&  G  3 O  OS_|
Stanwell Park 
Claystone Rnsp Chocolate § green mudrock with qtz-lithic
Late
Permian
4-1 Ù0 •H ,0 1-H 3 U  00
Scarborough
Sandstone Rnsc Coarse- conglomerate qtz-lithic ss.
Wombarra Claystone Rnw Green-grey mudrock and qtz-lithic ss.













Balgownie Coal Member 
Wongawilli Coal 
Tongarra Coal 
Woonona Coal Piy Qtz-lithic ss., mudrock, laminites
ct i[Erins Vale Formation Pie Fine-med. bioturbated andesitic sandstone
Permian u cf-13 ö § fix 3 cti  ̂■U
Unanderra Coal Member 
f Pheasants Nest Formation 
Berkeley Latite Member Pipb* Fine grained grey latite
Shoalhaven Dapto Latite Member Psgd* Melanocratic coarse-porphyritic latite
Group Budgong Sandstone Psg Red, brown, grey volcanic sandstone
* = Gerringong Volcanic facies
After Bowman 1974.
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much of its length it is headed by the prominent cliffs of the Triassic 
Hawkesbury Sandstone, while the foothills are cut mainly in the Permian 
Coal Measures and Shoalhaven Group strata. Hence the lower claystones 
of the Narrabeen Group and the Sydney Subgroup of the Coal Measures - 
the least stable strata of the sequence - outcrop along the steep face 
of the scarp. Their outcrop is widest in the northern suburbs, where 
the coastal plain is narrowest.
Behind Lake Illawarra, streams have cut back into the escarpment, 
leaving a relatively broad coastal plain with extensive deposits of 
Quaternary alluvium. Lower slope angles in this area, and the out­
cropping of resistant Budgong Sandstone and Gerringong Volcanics, mean 
fewer stability problems than in the north. However on the steep rise 
behind the plain, across the Coal Measures and Narrabeen Group outcrops, 
instability is still common.
All the strata on the escarpment rise to the south, due to the 
2 - 3 °  northwesterly regional dip. Thus the Coal Measures rise from 
below sea level in the north at Coalcliff, and the older Budgong Sand­
stone emerges near Wollongong (see Fig. 1:2). The Hawkesbury Sandstone, 
approximately the surface of the Nepean Ramp, rises from 350 m (1150 ft.) 
behind Stanwell Park to 520 m (1,700 ft.) near Mt. Keira and 670 m 
(2,200 ft.) at Macquarie Pass. Below this Formation, the Narrabeen 
Group and Illawarra Coal Measures also rise, but lens out, to the south. 
Their combined thickness at Bulli Pass is approximately 550 m (1,800 ft) 
but this thins to only 195 m (600 ft.) at Macquarie Pass (Table 1:2). 
Hence the geological situation is least stable in the northern suburbs 
where the outcrop of clayey strata is broad and occurs at relatively low 
elevations onto which urban spread is likely. Here too, the rise to 
the crest of the escarpment is steep, and shoreline retreat through 
the relatively soft strata has probably helped to maintain steep slope 
and stream gradients. To the south, the Narrabeen Group lenses out,
TABLE 1:2
THICKNESS OF THE NARRABEEN GROUP
and
ILLAWARRA COAL MEASURES
Location Narrabeen Group* * Coal Measures
Bulli Pass 200 m 350 m
Mt. Keira 180 m 275 m
Mt. Kembla 165 m 215 m
Macquarie Pass 105 m 90 m
* from Wollongong 1:50,000 Geology Sheet
** from Wilson, in Packham 1969 p.372
-15-
older strata outcrop on the foothills and the geological conditions 
change markedly. This study has therefore been confined to the narrow 
northern area, between Coalcliff and Wollongong, where the problems 
have been long-recognised and where pressure for ups lope urban expansion 
is greatest.
The Shape of the Coastal Plain
From the descriptions in Table 1:1, it can be seen that the strata 
outcropping on the escarpment have varying resistance to erosion. The 
latites and quartzose Triassic sandstones are resistant; the Coal Measure 
sandstones are often clayey and friable; the mudrocks (shales and clay- 
stones) are generally incompetent, weathered and readily eroded. Bowman 
(1974) gives primary importance to these lithological contrasts in the 
development of the Illawarra landforms. He echoes Taylor's (1923) 
assertion that the plain is widest near Macquarie Pass because the 
strata outcropping there at sea level are soft. In fact this is not so. 
Resistant Budgong Sandstone, Dapto Latite and Bombo Latite outcrop near 
Lake Illawarra and the mouth of Macquarie Rivulet, while the much 
softer Coal Measures lie at sea level in the narrow northern part of 
the plain.
Clearly another factor than lithology has had a major influence on 
landform development in the area. Consideration of the drainage pattern 
offers a more plausible explanation for the shape of the coastal plain, 
and indicates that stream action may be the most powerful agent shaping 
the Illawarra landscape.
In the north, drainage is largely to the northwest, away from the 
escarpment, because the major streams - the Cordeaux, Cataract and Avon 
Rivers - follow the regional dip and often pick out structural lows in 
the Nepean Ramp (Young § Johnson in press). Relatively little runoff 
is channelled down the steep eastern face of the escarpment and the
Landform s of the  lllaw arra Fig.1-3
N
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streams there have correspondingly lower erosive power. Near Macquarie 
Pass, however, the high area around Robertson forms the watershed 
between the northwesterly flowing streams and the Kangaroo River system 
to the south. It also directs runoff into Macquarie Rivulet which has 
thus cut back into the plateau and widened the coastal plain (Fig. 1:3).
As well as the Rivulet, several other east-flowing streams have breached 
the escarpment crest in this area - Brandy and Water Creek (W815495)*, 
Mullet Creek (W755452), Tongarra Creek (K662289), Yellow Rock Creek 
(K700250) and the Minamurra River (K705225). Direction of runoff into 
the west-flowing Kangaroo River, which follows a syncline in the Hawkes- 
bury Sandstone (Young 1974), largely explains the narrowing of the 
coastal plain beyond Albion Park but the latite outcrops may be influ­
ential also (Bowman 1974).
Again therefore the northern and southern parts of the district differ, 
with drainage in the south being predominantly to the east and in the 
north being predominantly to the north west. Although the discharge of 
the streams draining down the escarpment in the study area is thus 
smaller than in the south, their gradient is high and oversteepening 
frequently causes slope instability.
Slope Form
The effect of the drainage pattern on the shape of the escarpment 
clearly shows the major geomorphic role of streams in the Illawarra. 
Nevertheless lithological variations strongly influence slope form on 
the escarpment. Differential erosion of the interbedded sandstones and 
claystones has produced structural benches on the escarpment, with steep 
sandstone rises and relatively flat claystone slopes. In the foothills 
streams have cut back, leaving long spurs with gently sloping inter­
fluves (Plate 1 § 2).
1. Grid references are taken from the Wollongong(W) and Kiama(K)
1:63360 map sheets
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The Hawkesbury Sandstone forms prominent cliffs on the crest of 
the escarpment. These are maintained as sheer faces by joint collapse 
as undercutting occurs along the underlying Bald Hill Claystone. Small 
rockfalls are thus common but the quantity of material is insufficient 
to form a prominent talus slope below the cliffs. In fact the debris 
generally comes to rest on the uppermost bench formed on the alter­
nating sandstones and claystones of the Narrabeen Group. Both this 
bench,topped by the Stanwell Park Claystone, and the one below it, 
topped by the Wombarra Claystone, are often characterised by slumps and 
small debris flows off the face.
In contrast to the Triassic Strata, the Illawarra Coal Measures do 
not form major benches because their sandstones are thinner and less 
resistant to erosion. Also, as they outcrop lower on the escarpment, 
they are more dissected by streams and form long, steepsided spurs. 
Maintenance of steep sideslopes in quite clayey strata by stream under­
cutting frequently leads to instability, and slumps into creeks are 
common.
All the strata are thus affected to some extent by mass movement 
and the products of these failures tend to accumulate on benches or to 
flow into stream channels. More surprisingly mass movement debris also 
caps many Coal Measures spurs, but these deposits are in fact relict.
The form of the escarpment is, in several important aspects, very 
different to the models of slope form discussed in the literature.
L. C. King (1953) proposed that four elements could occur in a slope - 
the waxing slope, the free face, the detrital slope and the waning 
slope - and many other writers (Koons 1955, Schumm § Chorley 1966,
Rapp 1960) have discussed slopes comprised of these four elements.
Carson § Kirkby (1972, p. 378) note that, in humid temperate landscape 
where slopes are cut in strong, closely-jointed rock, a three-unit slope
500m
Rockfall near Dombarton, 
surveyed Nov. 75
Fig. 14
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Gradient 40°
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of rock wall - talus slope - taluvial'*' slope is common.
Thus below the cliffs of Hawkesbury Sandstone a slope covered in 
coarse rocky detritus, perhaps grading to a gentler slope of more 
weathered material, could be expected. Several writers, notably Walker 
(1963), Bowman (1972) and - for the Stanwell Park-Coledale area - Jones 
(1936), have assumed that such a slope exists. In fact it does not.
The steep slopes directly below the cliff-line are ’weathering-limited’ 
(Kirkby 1971), that is, the rate of removal of debris from them equals 
the rate of weathering and accumulation of debris. Rockfalls from the 
cliffs do not build up a talus cone; rather the debris cascades down 
to lower slopes.
The largest rockfall on the escarpment within historic time was the 
1969 fall above Dombarton Siding, to the south of the study area (Fig.
1:4, Plate 3). Blocks of Hawkesbury Sandstone some 50 m high and 10-20 
m across fell from the escarpment over a length of 200-300 m. As the blocks 
fell, they carved a swath through the forest below and left a straight 
bedrock slope. The talus came to rest just above the gentle taluvium- 
covered slope 350 m above sea level. During its course it had incorporated 
soil from the slopes above and also fragments of the shales and sandstones 
that outcrop below the cliffs. Hence it consisted not just of large 
blocks but also appreciable fine matrix material.
This rockfall was probably triggered by undermining and is several 
orders of magnitude larger than any other contemporary fall from the 
cliffs. Yet it left a bare steep slope below the cliffs, not a talus 
cone, and its debris did not travel far across the gentler slopes.
Similarly where access is available to other parts of these upper slopes,
1. Carson (1971) defines taluvium as a mixture of coarse rocky rubble 
and more weathered material of soil size and notes that the term was 
coined by Wentworth in 1943.
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it can be seen that bedrock is covered only by a thin soil veneer and 
mass movements reveal bedrock within 0.5 m of the surface. Failures 
on the upper slopes above Stanwell Park Railway Station, below Sublime 
Point at Austinmer, just north of Bulli Pass and on the northern slopes 
of Mt. Keira all involve movement of weathered bedrock with minimal 
surficial debris.
Thus although as in other humid temperate areas (Carson £ Kirkby 
1972 P* 303) 'the continued persistence of cliff faces .. depends on 
mixed lithology, with a strong cap overlying weaker strata,' it is 
improbable that 'once undercutting ... halts, a talus slope will ... 
eventually extend upslope obliterating the cliff'. Rather, as can be 
seen behind Russell Vale where the Hawkesbury Sandstone has been eroded 
back from the scarp crest, the steep long upper slope will still be 
weathering - limited as it too is maintained by undercutting along a 
weaker stratum.
It is in fact the middle and lower slopes of the Illawarra escarp­
ment which are mantled with detritus, and it is this detrital material 
with which the thesis is primarily concerned. The debris comprises a 
chaotic mixture of large sandstone boulders with a variable matrix of 
sandy clay, and has clearly been deposited - at least in part - by far 
larger mass movements than at present operate on the escarpment. It 
is best described as 'taluvium' according to Carson's (1971) definition, 
although it contains a higher percentage of clay than the taluvial 
deposits he describes.
Taluvial deposits, particularly of a relict nature have received 
little attention in the literature. Both the initial work by Wentworth 
(1943) and more recent work by Carson (1969, and Petley 1970, 1971, 
and Kirkby 1972) consider presently - forming deposits, while other 
discussions of slope material have focussed on coarse rocky slopes
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(Melton 1965, Koons 1955, Howe 1903, Rapp 1960 and many others) or on 
colluvial or residual soils (Arnett 1971, Deere § Patton 1971), The 
Illawarra, in this aspect therefore, represents a poorly-understood 
field situation.
Thus existing models of slope development for debris-covered 
hillsides can be applied only piecemeal to the Illawarra.
The alternating and varied lithology has not generated a repeating 
sequence of slope elements; the origin and properties of the debris 
cover are dissimilar to many of the situations reported in the literature; 
stream action rather than scarp retreat appears to be the major influ­
ence moulding the landscape. These facts emphasise the obvious need for 
care in using, for a particular area, concepts established in other areas 
and reported in the literature - and this need for care applies equally 
to the geomorphic concepts discussed above and to the other concepts 
basic to this study, those of soil mechanics.
As Ward remarked in 1945 the concepts of soil mechanics are frequently 
unfamiliar to geographers and geologists, and it is only in recent 
texts on geomorphology that they have been applied (Carson and Kirkby 
1972, Young 1972). For this reason, they are outlined in some detail 
below, with particular reference to their importance in the study of 
slope stability in the Illawarra.
Causes of Slope Instability
It has long been recognised that 'incompetent' strata and 'under­
cutting' of slopes frequently lead to slope instability, especially 
after heavy rainfalls. Since the development of the engineering 
science of soil mechanics however, these concepts may be more precisely 
stated and quantitative estimation of stability is feasible. Obviously 
the stability of a slope depends on the balance between the forces 
tending to move slope materials downhill (the shearing stresses) and
-21-
the forces acting to retain the material in its existing place (the 
shearing resistance, or shear strength). Anything which increases 
shear stress (such as undercutting and steepening a slope) or reduces 
shear strength (such as the outcropping of an incompetent stratum) 
will reduce the stability of a slope.
The Shear Strength of a Soil^
In a mass of sand or silt, the strength of the mass depends on the
interlocking and friction between the individual grains. In a soil 
2containing clay or colloidal organic matter, there is also physico­
chemical bonding between particles which imparts 'cohesion' to the 
mass (see Grim 1953). Thus the shear strength of a slope material 
can be expressed in terms of two parameters:
1) Cohesion, c, which is a property only of soils containing clay or
other colloidal material. It is expressed in stress units
2 2 (kg/cm' , lb/ft j
2) Angle of shearing resistance, 0. This is also called the angle of 
internal friction, and it is an internal property of the material, 
not synonymous with the 'angle of repose'. As it depends on inter­
granular friction, it is higher for well graded, angular, densely 
packed sand (0 = 45°) than for uniform, round, loose-packed sand
(0 = 27.5°) (Terzaghi and Peck 1967 p. 107). For clayey soils 0 
varies with the percentage of clay in the soil, the clay mineralogy 
and the dominant cation (Zaruba and Mend 1969 p. 116)
For clay soils c and 0 also depend on the stress history and mode 
of deposition of the soil. McConnachie (1974) has shown experimentally
7 #
that void ratio - and thus, inversely, the degree of interlocking - of
1. 'Soil' is used here in its engineering sense and includes both 
unconsolidated material and very weathered rock.
2. 'Clay' is material of diameter less than 2 microns (.002mm), generally 
composed of the layer silicates known as 'clay minerals'.
3. Void ratio = volume occupied by voids
volume occupied by solids aS a ^eci-mal
S tre ss  Relationships Fig
a) C O M P O N E N T S  OF SOIL W E IG H T
b) STRENGTH -  S T R A I N  CHANGES
S hear 
Stre ngth
S t r a in
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kaolinite particles varies with the pressure at which the clay slurry 
is compacted. Barden (1972) demonstrated that the microstructurc of 
clay soils depends mainly on the electrochemical environment during 
deposition and that this microstructure largely determines the engineering 
properties of a wide range of soils including sensitive, expansive and 
lateritic clays. Equally#weathering and stress changes may alter the 
microstructure or create a fissured macrostructure, and greatly alter 
soil strength (McGown et al 1974).
On the slope the shearing resistance of a mass of soil depends not 
only on these internal parameters,c and 0, but also on the weight of 
the mass. As shown in Fig. 1:5a, the vertical force of the weight of 
the soil can be resolved into one component, -t , tending to move the 
mass downhill and another component,a, tending to fix the mass to the 
s lope. This latter component, a, is called the 'normal stress'*, that 
is, the stress acting 'normal' or perpendicular to the slope.
If this normal stress is increased, the force tending to restrain 
the soil - and thence the soil's resistance to downhill movement, its 
strength - are increased. However if the soil is saturated and all the 
void spaces between grains are filled with water, the effectiveness of 
added normal stress is reduced. Some of the stress is taken up by the 
water, giving increased porewater pressure and lower effective normal 
s tress. In most analyses of slope failures, it is found that increased 
porewater pressure has been the primary cause of failure (Chandler 1974 
Hutchinson 1969) and previous studies in the Illawarra thus emphasise 
the importance of heavy rainfall and of poor drainage in triggering 
instability (Hanlon, 1958, Bowman 1972, Amaral 1975).
1. Stress = force/unit area
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These concepts are linked in the equation: 
Equation 1:1
s = c' + (a-u) tan
where s = unit shearing resistance on a given plane 
c * cohesion intercept
a = stress normal or perpendicular to the given plane 
u = porewater pressure at a given point 
j> - angle of shearing resistance 
c' = values measured for ’effective stress conditions’,
i.e. taking porewater pressure into account
Hence the shear strength of a soil is high if the cohesion and angle 
of shearing resistance are high, and is reduced by the development of 
positive porewater pressures. It depends on external conditions - the 
normal stress and porewater pressure - and on internal properties - the 
cohesion and angle of shearing resistance. As will be shown later, $ 
can be correlated with other soil properties such as texture and 
plasticity.
Peak and Residual Strength
As a mass of soil is about to fail, it is distorted or strained^.
At the instant of failure, the strength that can be mobilised in the 
soil has reached a maximum and suddenly decreases, because there is 
minimal cohesion and very little friction along the surface of rupture. 
After failure however, strength does not reduce to zero; the soil has 
some ’residual strength’. Thus as a soil is strained, the strength is 
fully mobilised to a maximum value (represented by peak values of c" 
and ¿"), then drops rapidly and flattens off (Fig 1:5b) (Skempton 1964). 1
1. Strain = change in length/original length, expressed as a percentage
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This flattening-off has been demonstrated for both normally consolidated 
and over-consolidated1 clays (Skempton and Hutchinson 1969), and the 
residual strength is represented by residual values for cohesion and 
shearing resistance, denoted c' and fa' • In overconsolidated and 
fissured clays, c' generally approaches zero (Skempton and Hutchinson 
1969, p. 306, Carson § Kirkby 1972, p. 156).
In over-consolidated clays (Bjerrum 1967), failure is not instant­
aneous along the entire failure plane. Instead, failure at one point 
causes strain in the adjacent soil and the stress required to cause failure 
in the strained soil is lower than it was in the unstrained mass. The 
soil adjacent to the first point of failure thus fails at a lower stress 
and mobilises a lower shear strength. Thus failure progresses through 
the soil with the failure stress and the soil strength varying along 
the shear plane. Where the soil has failed the soil strength has reduced 
to a residual value and cohesion appears to be minimal. Whether or not 
c' approximates zero, in natural slopes such as on the Illawarra escarp­
ment, residual strength parameters should generally be used to estimate 
long-term stability. Although the peak values satisfactorily explain 
first-time failures in some intact clays, residual values have been 
found appropriate for failures in fissured and over-consolidated clays 
(Carson $ Kirkby 1972), for slides on pre-existing slip surfaces and in 
some intact clays (Skempton and Hutchinson 1969), and for some sensitive 
clays (Lefebvre and LaRochelle 1974). Peak values are more usually 
applicable only to short-term (1-2 years) stability and are thus used 
for artificially cut slopes. 1
1. Over-consolidated soils have previously been subject to considerable 
overburden pressure and then exhumed. Normally consolidated clays 
have not been previously deeply buried.
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Shearing Stresses
In a failure, material moves downs lope under the influence of 
gravity. From Fig. 1:5a, it can be seen that this downhill component, 
equivalent to x, increases with increased weight (W) and with increased 
slope angle (3). The addition of weight to the soil and the steepening 
of a slope will both reduce slope stability.
To estimate the stability of a slope, the shearing stress is com­
pared with the shear strength, using the concept of the factor of safety, 
F, where
Stabilising moments
F = > 1Motivating moments ^
If the motivating moments due to shear stress appear to exceed the 
stabilising moments due to shear strength, then the slope must already 
have failed and thus F cannot be less than unity. At F = 1, the slope 
is just on the point of failure and any reduction in strength or increase 
in stress will precipitate movement.
The Influence of Water
In popular parlance, water is often said to cause landslips by 
'lubricating* the soil. In fact, as pointed out earlier, it acts by 
reducing the shear strength of a soil. Immediately after excavation of 
a slope, either by artificial or natural agencies, porewater pressure 
is low because the slope has been unloaded, and normal stress has been 
reduced. Subsequently these pressures rise and the strength of the 
slope decreases to the residual value (Vaughan § Walbancke 1973).
Poskitt (1974) considers that strain due to swelling after unloading 
may also be an important factor interacting with the rise in porewater 
pressures. Consequently where slopes have been designed taking only 
peak strength into account, they may be stable for many years and then 
suddenly fail.
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The fact that a slope has not failed previously is no guarantee 
that it will not do so in the future, and the usual trigger of failure 
is heavy rainfall. Yet too frequently in the lllawarra, a slope that 
has been known to be stable for 10-20 years is considered to be perman­
ently stable.
Environmental Factors Influencing Stability 1
The concepts of shearing resistance and stress provide a convenient 
framework for considering the environmental factors and consequences of 
urban occupance that can disrupt slope stability. The following list 
of factors which may cause undesirable changes is compiled from Vames 
(1958, p. 42-45) and Zaruba $ Mencl (1969, p.26-27). Not all of these 
are important in the lllawarra, so processes operating in the study area 
are marked by (X) and are arranged in approximate order of importance, 
w ithin each category. Thus, where slopes are mantled by taluvium which 
has low shear strength, changes in water content - usually due to heavy 
rainfalls - are the most common triggers of mass failures.
1) Decreasing Shear Strength:
Some materials have low shear strength, particularly relative to 
stronger strata, e.g. (X) clayey impermeable strata between or 
overlying massive sandstone beds.
Loose packing and discontinuities (especially if these are 
inclined downslope) also give low strength, 
a) Changes in water content - (X) intense or prolonged rainfalls
(X) impedance of natural drainage, 
or increased runoff resulting 
from urban development 
(X) cracking of soil during long 
dry spells
(?) electro-osmotic changes in the
soil
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b) Effects of throughflow
c) Changes in vegetation
cover
d) Weathering of rocks and
soils
e) Erosion of overlying
material
f) Frost action
2) Increasing Shear Stress:
a) Increasing slope gradient (X)
(X)
( X )
- abrupt changes of water level 
in reservoirs.
(X) seepage or artesian pressures
- loss of capillary tension in 
sandy soils
(X) disruption of the soil moisture 
regime
(X) loss of binding action of roots 
(X) swelling of clays 
(X) base exchange to give less stable 
clays
- loss of cement
- physical disintegration




artificial removal of support 
at toe of slope by quarrying, 
excavation, removing of retaining 
structures, draining of reservoirs 
etc.
natural removal of support by 
erosion by streams, the sea, 
glaciers
creation of a new slope by a previous 
failure
regional tectonic uplift or subsidence
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(?) undermining by commercial 
extraction
- undermining by natural tunnelling, 
e.g. in Karst
- spreading or failure of weak under­
lying strata
(X) by embankments, fills, waste dumps, 
buildings
- by weight of fallen debris, snow 
etc.
(?) earthquakes, blasting, pile 
driving, traffic vibration 
causing rotation of grains and 
destruction of intergranular 
cement.
The topographic and geological controls on slope stability, and 
the principles of soil mechanics as they apply to the Illawarra have 
been described above. Again following Ward's (1945) remarks, it is 
necessary also to have a classificatory system whereby like movements 
may be grouped.
Recently several workers (notably Blong 1973, Crozier 1973) have 
classified mass movement forms quantitatively and attempted to correlate 
form and process using morphometric indices. These correlations are 
however not always high, nor are they necessarily valid other than in 
the particular field areas reported. They require much detailed measure­
ment, which would be difficult in the forested and built-up areas of 
the Illawarra.
For this study therefore the more readily applied and familiar
b) Removal of underlying
support
c) Excessive loading on the
slope
d) Shocks and vibrations
Classification of Mass Movements
TABLE 1:3
VARNES1 (1958) CLASSIFICATION OF LANDSLIDES








































Sand or Silt 
Flow
Debris Flow Mudflow
Combinations of Materials or Type of Movement
from Varnes (1958) p.21
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or with Little 
Water or Ice.

























from Sharpe (1938) pp. 23, 49, 65.
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classification of Vames (1958) has been used. This was also used 
by Bowman (1972) and is outlined in Table 1:3. In Table 1:4, the 
older, less precise classification by Sharpe (1938) is given for reference 
because it was used in earlier work on the Illawarra by Walker (1963). 
Particularly, Walker (1963) referred to 'debris avalanches' as defined 
by Sharpe, yet as Rapp (1960) pointed out the distinction in Sharpe's 
classification between 'debris slide' and 'debris avalanche' is unclear. 
Young (1972 p.75) also notes that Sharpe's term 'earthflow' includes 
'two substantially different speeds of movement (that are) distinguished 
by Varnes'. Hence the more recent and precise classification of Vames 
has been preferred here.
Summary of Conclusions
1. The form of the Illawarra escarpment depends largely on stream 
action, on lithology and on both past and present-day mass move­
ment .
2. General models of slope development for humid areas and for 
alternating sandstone/claystone lithology are not entirely appli­
cable to the Illawarra, because scarp retreat is not the principal 
process affecting slope form and because many of the lower slopes 
are blanketed by relict debris.
3. Long-term stability on natural slopes is generally governed by
residual rather than peak strength parameters. This would almost 
certainly be so for the fissured clays of older taluvial
deposits and for slopes on weathered clayey strata on the 
escarpment. The importance of increased pore water pressures 
resulting from heavy rainfalls or poor drainage may also be 
gauged from the discussion of forces acting on the slopes.
4. Thus, as Ward emphasised, both geomorphological and engineering 
aspects must be taken into account when studying slope stability.
-30-
It is however vital that a critical approach be taken, assessing 
the applicability of concepts in both these sciences to the 
field situation of the Illawarra landscape.
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CHAPTER TWO
THE DISTRIBUTION, ORIGIN AND STABILITY 
OF THE
TALUVIUM-MANTLED SLOPES 
THE DISTRIBUTION OF THE TALUVIUM 
Types of Taluviurn
Far less is known of the Quaternary sediments of the Wollongong area 
than is known of the older consolidated strata. The dunes, beach sands 
and alluvium have not been mapped individually (see Fig. 1:2), and there 
is no agreement between the two published maps of surficial slope deposits 
As mentioned in Chapter One Walker’s (1960) map of soils ’developed on 
debris avalanche deposits' shows a broad belt of these soils below the 
escarpment from Clifton to Nowra and thence westward, while Bowman 
(1972, 1974) shows 'talus' in the Wollongong-Kiama area only in discrete 
patches^.
Walker's later paper (1963) which specifically concerns the debris 
avalanches deposits does not include a map, but divides the deposits 
into two groups based on soil profile characteristics. These groups 
were, he suggested, separate relict deposits from two past periods of 
wetter climatic conditions when debris avalanching had been very active. 
The deposits which have strongly red-white mottled, deep, red podzolic 
profiles he considered are the oldest and called the Scarborough 
Formation; those with red or yellow earth profiles he presumed to be
younger and called the Keira Formation.
Certainly the taluvial masses described as the 'Scarborough Formation
do, by their deep and strongly mottled profiles, form a distinctive group; 1
1. On the 1:50,000 Geological sheet (Bowman 1974; see Fig. 1:2) a large 
patch of Quaternary talus, Qt, is shown behind the escarpment at Cordeaux. 
Although surficial debris up to 10 m. deep has been reported in bores 
drilled behind the scarp (N.S.W. Geol. Survey 1965), this has not been 
mapped elsewhere on the plateau by Bowman, and the position of the patch 
of Qt at the head of the Cordeaux River suggests that this was wrongly 
labelled and should have been marked Qa, Quaternary alluvium. It is not 
shown at all on Bowman's (1972) smaller scale maps.
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but not all other deposits have the earth profiles which should characterise 
the 'Keira Formation'. Some show orange-red diffuse mottling; others, 
particularly very stoney deposits, have fine and irregular mottling; 
yet others show patchy discolourations due to small rotted fragments 
of stone. Thus, many deposits do not fit comfortably into either of 
Walker's categories. Nor are all masses relict, as present-day mass 
movements add to previous deposits. Therefore, although the 'Scarborough 
Formation' may relate to a single discrete past phase of mass movement 
activity, there is little evidence that all other deposits belong to 
another such phase. The term 'Scarborough Formation' is misleading, 
as it is too easily confused with the Triassic Scarborough Sandstone 
which has 'Formation' status in the Narrabeen Group. Also 'Formation' 
status is usually given to lithified units and less commonly to extensive 
unconsolidated sediments; whereas the taluvial masses are unconsolidated, 
restricted in extent and discontinuous.
For these reasons, Walker's nomenclature has not been used, although 
the taluvium has been grouped into two types by profile characteristics:
Type M exposures with strong, medium-coarse, reticulate, red-white
mottling and appreciable boulder content(plates 4 and 5). This 
type corresponds to Walker's 'Scarborough Formation' and forms 
the only group of masses with similar distinctive profiles.
Type U unmottled or indistinctly mottled taluvium. This group incorporates 
all other exposures (including those classed by Walker as the 
Keira Formation) whose profiles are not of Type M. Type U 
deposits have fine, diffuse or no mottling, and generally only 
scattered boulders (Plates 6 and 7). Often they are stoney.
This group, although the profiles within it are varied, does
not lend itself to further clear division.
T a l u v i u m  D i s t r i b u t i o n  in 
N o r t h e r n  W o l l o n g o n g
Fig. 2-1
1 B u l l i  Coal ou tcrop  
■‘V i i ‘O * . , it.. H awkesbury  Sandstone c l i f f s
TYPE U t y p e  m m
ssj/
Bulli Point
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Distribution Over Northern Wollongong
The taluvium has been mapped wherever it masks the underlying bed­
rock to a depth of 1.5 m. or more. Over 170 excavations for houses or 
transport lines in the study area exposed taluvium while many others 
displayed bedrock or alluvial fill. Extrapolation between exposures 
was made by following changes in slope form or - for example, along 
creeks - by drawing a contour line. Where excavations exposed a 
taluvium-bedrock contact or where reliable drill logs were available, 
the maximum depth of taluvium was recorded.
The resultant map, Fig. 2:1 (folded), shows the taluvium to be a 
series of discrete masses of deep, mottled debris (Type M) lying on the 
lower slopes, below a narrow belt of Type U material. Clearly Walker’s 
(1963, p.225) claim that the 'debris avalanche deposits blanket the 
shale hill country at Keira and also between Bulli and Clifton' is 
exaggerated. Many of the bedrock spurs have instead only a thin cover 
of residual soil, and alluvial terraces and fans are extensive along 
creek banks. Yet the taluvium is more widespread than shown on Bowman's 
(1972,1974) maps, which suggest only patchy occurrence.
The western boundary of Type M deposits often appears to be the 
rise over a Narrabeen sandstone to the benches on which the Type U 
deposits rests. And the upslope boundary of the Type U deposits is 
generally the steep bedrock slopes that rise to the crest of the 
escarpment. The western edges of the deposits have thus been left 
open, implying a gradational boundary rather than an abrupt contact.
The Type U poorly mottled taluvial deposits are generally less than 
3 m. thick, although they may overlie greater thicknesses of very 
weathered claystones. Changes in their profile characteristics over 
short distances are common (see Plates 6 and 7), but none show coarse- 
medium reticulate mottling and most are poorly - or un-structured. The
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great variation in their profiles suggests that the deposits have 
formed by the accumulation of many individual masses of varying origin, 
and this is confirmed by the many small, contemporary, mass movements 
adding material to them. The Type U deposits are not greatly dissected 
by streams but form a largely continuous belt of debris along the 
benches on the escarpment.
In contrast, the Type M deposits are relict features, the remnants 
of formerly more extensive masses which have been dissected by marine and 
fluvial erosion. They reach the coast between Coledale and Thirroul, 
rising with the underlying Tongarra Seam from 2-3 m. above high water 
mark at Coledale (Plate 8) to over 20 m. at Thirroul. South of Thirroul, 
the escarpment swings westward away from the coast and no further debris 
masses reach the sea. Thus the deposits from Thirroul northwards are 
the eroded remnants of masses which once protruded beyond the present 
coastline (cf. Mulholland 1950) while those to the south have been 
dissected by the larger streams of that area.
As Harper (1935, p.l) noted, ’the talus slopes in many cases occupy 
more ancient drainage channels than those functioning at present and 
are separated by pronounced outcrops of rock in situ’. An excellent 
example of this can be seen in railway cuttings between Austinmer and 
Coledale Stations where high faces of bedrock alternate with lower 
exposures of Type M taluvium. However drilling at Thirroul* shows a 
blanket of debris covering valleys and rises alike in the pre-slide 
landscape and in many areas Type M deposits are now perched on top of 
Coal Measure spurs. At three sites, streams have isolated outliers capped 
with Type M taluvium from the escarpment foothills, that is, at Austinmer, 
Woonona and Mt. Ousley.
Type M taluvium is largely absent where Hawkesbury Sandstone cliffs 1
1. Data by kind permission of Longworth and McKenzie Ltd.
C ro ss-se ctio n s  down the  
lllawarra Escarpm ent
F ig-2-2
Depth of taluvium exaggerated; Type shown above each deposit
Bedrock geology after Bowman 1974 
Contours Irom M W S Ü B  I * 1584Ü maps
Denmark St. Cutting 
Wombarra
Fig. 2 3
Av. 0-72 m 
Range 0-18-3-3
Coal seam Taluvium (boulder size, m.)
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do not fringe the escarpment especially, as Walker (1963) notes, behind 
Corrimal and Russell Vale. The slopes in this area, as can be seen on 
Rixon's Pass Road, are cut in the shales and sandstones of the Coal 
Measures but the Narrabeen Group benches at high elevations have veneers 
of Type U taluvium. The spatial relationship between the Type M 
taluvium and the Hawkesbury Sandstone seems to be also a genetic relat­
ionship, a point which will be discussed later in this Chapter.
Downslope Distribution of Taluvium
Cross-sections of the escarpment at four places in the study area 
are shown in Fig. 2:2. The contours have been taken from M.W.S.D.B. 
1:15820 sheets, the bedrock geology is after Bowman (1974) and the 
taluvium is mapped as for Fig. 2:1.
Where the coastal plain is narrow, in the northern suburbs, taluvium 
blankets the lower slopes. At Wombarra (Fig. 2:2a) the Type M debris 
exposed in the railway cuttings exceeds 10 m. in thickness and directly 
overlies the Balgownie Coal Member, with a basal slope of < 1° (Fig. 2:3). 
The Type U debris on the Wombarra Cl aystone bench above has a yellow- 
brown earth profile with occasional large boulders, and is at present 
being added to by the sloughing of material over the Scarborough Sand­
stone rise. In turn, the veneer of taluvium on the Stanwell Park Clay- 
stone bench above is added to by small rockfalls from the upper slopes 
expecially the Hawkesbury Sandstone cliffs (see Plate 1).
At Austinmer (Fig. 2:2b), the coastal plain has widened, and the Type 
M masses are not continuous. As mentioned above, one mass is perched 
on an outlier hill and must once have extended beyond the present coast­
line. Several large boulders of Hawkesbury Sandstone remain on the 
shore platform, and clayey debris from the deep, mottled remnant 
perched some 10 m. above falls over the cliff after heavy rains. The
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other Type M deposit is a veneer only 3-5 m. thick overlying the Bulli 
Seam on the escarpment slope. These two masses are very similar in their 
mottling and their high boulder content (predominantly of Hawkesbury 
Sandstone), and were probably once continuous over the 550 m. that now 
separates them. The original mass would thus have been at least 1 km. 
long and have moved over a basal slope of about 4°.
No Type M taluvium is found at Russell Vale (Fig. 2:2c) as the 
Narrabeen Group, not the Hawkesbury Sandstone, crests the escarpment.
Some large blocks of Bulgo Sandstone and clayey soils rest on the Stanwell 
Park Cl aystone bench high up on the escarpment, but the lower slopes have
only a thin cover of residual soil.
In the south at Mt. Keira, the plain has widened gently and stream
activity has created low alluvial flats. The Narrabeen Group has thinned 
considerably (see Fig. 1:2) and major faults have complicated the pattern 
of outcrop, so that the Narrabeen benches so prominent in the north do 
not occur. Stream dissection has isolated the Hawkesbury Sandstone 
capped Mt. Keira from the escarpment and the Hawkesbury's cliff line is 
not continuous. Nevertheless the slopes at Mt. Ousley and Mt. Keira 
are largely taluvium-covered, although between these two suburbs the 
lower slopes are bedrock. The section shown in Fig. 2:2d is taken down 
Mt. Ousley Road where recent widening has exposed contacts between the 
taluvium and the underlying Coal Measures (see Plates 5,8). The Type 
M taluvium is extensive and, as at Austinmer, has been dissected to leave 
an outlier at the foot of the escarpment. At upper levels, it does not 
appear to grade into Type U taluvium. Type U taluvium occurs on the 
narrow bench at 200 m., and the steep slopes above this are cut in bed­
rock with only occasional boulders and patches of thin debris . Rockfall 
debris is generally directed down stream channels.
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Obviously, as the plain widens to the south the taluvium covers 
a lesser proportion of the slope, but several features are common to 
all four cross-sections.
1. The steep upper slopes are not covered in taluvium and are weathering- 
limited. Debris from above or weathered material is rapidly trans­
ported off them, usually by shallow debris avalanches.
2. Type U taluvium rests on the Narrabeen Group or Illawarra Coal 
Measure benches and is added to by mass movements from the steep 
slopes above. It is however relatively thin because it in turn 
sloughs down to the slopes below. Shallow failures in these 
masses are very common, especially of course off the faces of benches 
(Plate 9).
3. Type M taluvium lies lower in the landscape, almost invariably on
a spur cut in the Illawarra Coal Measures. Although no direct con­
tact between Type M and Type U taluvium was observed in the study 
area, the degree of dissection of the Type M,its pedological 
organisation and its low position in the landscape indicate that 
it is distinct from, and much older than, the Type U taluvium.
Walker (1963) asserts that a contact between his ’Scarborough* and 
*Keira Formations' may be seen about 1-1/2 km. south of Stanwell 
Park. Certainly at approximately this position, road and rail 
cuttings expose two masses of different appearance but no actual 
contact could be found.
Comparison with Previous Work
The cross-sections in Fig. 2:2, drawn from topographic maps, are 
very different to the diagrammatic cross-sections presented by Walker 
(1963) and Bowman (1972,1974). Bowman (Fig. 2:4a,b) exaggerates the 
importance of the Hawkesbury Sandstone cliff line, shows a veneer of 
talus over the Bulgo Sandstone and ignores the taluvium on the Coal
Previous Interpretations  
of Escarpm ent Form
Fig. 2-4
After Bowman 1972,1974
After SPCC 1973; Amaral 1975
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Measures. A similar diagram, showing an unbroken veneer of taluviiun 
over the whole slope, has gained some acceptance and has been reproduced 
for the Report of the Enquiry into the Illawarra Escarpment (S.P.C.C.
1973) and by Amaral (1975) (Fig. 2:4c).
The errors in Walker's diagram (Fig. 2:4d) are more serious and
give a very misleading picture. Firstly, the Triassic sandstones do
not form a vertical cliff through nearly the entire height of the
escarpment. Though visually impressive, the Hawkesbury Sandstone cliffs
comprise 15% or less of the total height of the escarpment and the
Narrabeen strata form benches not continuous cliff-lines. Secondly the
surface cut in the Permian strata does not undulate out from a point
directly below the scarp crest; but rather forms projecting spurs.
Thirdly no deep accumulations of debris exist on the upper slopes or
in hollows at the base of cliffs. Fourthly the debris deposits rest
of
on the benches and spurs that comprise most/the escarpment, not in 
valleys between so-called 'normal hills'. And finally the older deposits 
are not overlain to any appreciable depth by the younger masses.
In fact the only clear example in the study area of one taluvial 
mass overlying another is the contact between two Type M masses at Long 
Point, Austinmer (Plate 10). In both masses the matrix has strong 
red-white reticulate mottling although in the upper slide the mottling 
is less coarse than in the lower. To determine whether the two masses 
were in fact discrete, the maximum diameter and lithology of boulders 
on either side of the apparent contact were studied. The results are 
given in Table 2:1.
Their very different boulder compositions and sizes verify that the 
two masses are distinct. Further, the smooth curved contact between 
them suggests that some considerable time for erosion and soil formation 
on the first mass elapsed before the second cascaded over - but did not
TABLE 2:1
BOULDER COMPOSITION OF ADJACENT TALUVIAL MASSES, AUSTINMER
Lithology % Sample Mean Max. Diameter St. Dev. Max. 
Diameter
Lower Slide Rh 33 0.47 m. 0.34 m.
(n = 100) Rn 56 0.35 m. 0.18 m.
(Sandstone)
Other 11 0.42 m. 0.15 m.
Upper Slide Rh 2.6 0.22 m. -
(N = 75) Rn 72 0.38 m. 0.16 m.
(Sandstone)
Other* 25.4 0.37 m. 0.17 m.
* This was all a highly fractured silty sandstone not present at all
in the lower slide.
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deeply scour - it. The same conclusion can be drawn for the only 
other known site in the region at which such a contact lias been observed, 
some 30 km. south near Jamberoo (Plate 11).
Apart from these two sites, no contacts within masses of taluvium 
have been observed. As the Type U taluvial masses are rarely deep, 
contacts are more likely to occur across the slope than down the pro­
file but long cut faces that might expose such contacts are rare. In 
the Type M taluvium, for which long and often high cut faces are exposed 
at many places, the lack of contacts suggests that individual mass 
movements were very large and blanketed considerable areas with debris.
The Origin and Age of the Taluvium
The taluvium has long been recognised to be, at least in part, relict. 
Harper (1935) commented that it occupied now defunct drainage lines, 
and Mullholland (1950) that some had been dissected and cemented with 
iron oxides. Walker (1963), in the most detailed discussion of the 
taluvium's origin, postulated that the masses had formed during two 
past periods of wetter climate when debris had avalanched from the 
postulated talus slope below the cliff line. The mechanism of debris 
avalanching (defined according to Sharpe 1938 - see Table 1:4) would, 
he noted, account for the chaotic arrangement of boulders in the deposits. 
However such an arrangement could be generated by any turbulent move­
ment involving large boulders and appreciable fines, for example a 
rockfall, debris fall, debris slide (Sharpe 1938 and Varnes 1958 - see 
Tables 1:3 and 1:4) or debris flow (Varnes 1958). Also debris avalanches 
would be unlikely to be large enough to spread broadly over a slope for 
1-2 kms. - as the Type M deposits have done. Yet there are few contacts 
to suggest that these extensive masses have been built up by multiple
movements.
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It is also possible to challenge Walker’s assertion that all 
taluvial masses are relict, as many Type U deposits on the benches below 
the steep upper bedrock slopes are being presently added to by shallow 
failures and rockfalls from these upper slopes and the cliffline.
Thus Schumm and Chorley's (1966) call for 'caution in attributing all 
occurrences of erosional phenomena to past climates very different 
from the present' seems apposite. And it is suggested here that the 
different distribution and characteristics of the two Types of taluvium 
imply a difference not only in age but also in mode of formation.
Type M Taluvium
These masses are obviously relict. Their surfaces have been 
smoothed by erosive processes and no longer display the hummocky 
appearance and disordered drainage characteristic of landslide topo­
graphy. As noted previously, at 3 sites erosion has separated outliers 
from the main mass. Their deep podzolic profiles with reticulate 
mottling extending up to 10 m. into the subsolum also testify to a 
long period of stability and pedological action. Unfortunately no 
dateable carbon was found in any of the exposures so that no radiometric
age can be given to the deposits. Some indirect evidence is however
available.
Similarly mottled, or 'pseudogleyed', fanglomerate debris from 
Black Mountain near Canberra was dated at 27,000 years B.P. by Costin 
and Polach (1973). At this time the climate was probably 8-10°C 
colder than at present, being almost periglacial near Canberra and 
implying lower evaporation that would approximately double runoff 
rates (Bowler 1970). However the 'K̂ ' river terrace at Nowra, which 
has less colour and textural differentiation than the Type M deposits,
was found by Walker (1962) to be 29,000 year old. On the basis of these
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dates, and recognising that the degree of mottling depends not only on 
age but on many other variables such as parent material, climate and 
topographic position, the strong colour differentiation and regular 
pattern of the Type M matrix indicate that the deposits are at least 
30,000 years old.
The dissection of the deposits, and particularly the broad separations 
between the three outliers and their corresponding escarpment masses, 
of course suggest that the deposits may be very much older than 30,000 
years. Also the smooth contacts observed - at Austinmer and Jamberoo - 
between discrete Type M masses indicates that their time of formation 
may have spanned many thousands of years. Thus while 30,000 years may 
be reasonable as a minimum value, their true age may be much greater 
indeed.
The climates under which the masses were deposited and have since 
weathered is also uncertain. While the major fluctuations in the climate 
of south-eastern Australia during the last 40,000 years have been detailed 
(Bowler, 1970) we lack a reliable estimate of age and also of local 
confirmation of the fluctuations described by workers in other areas.
Van Dijk (1969) following European experience, suggests that the deep 
pseudogleyed soils which he traced throughout the Southern Tablelands 
formed under conditions of strong biological activity and of high rain­
fall alternating with long droughts. Such conditions exist at present 
on the Illawarra escarpment and there may be no need to postulate a 
change in climate for the formation or development of profiles on the 
Type M deposits.
What then can be said about the origin of the Type M taluvium?
Firstly, the present tongue-like outline of the masses is not a
TABLE 2:2 BOULDER SIZES IN TYPE M TALUVIAL MASSES*
SITE Dist.from cliffs Av.max.dim. St.dev.max.dim. Coeff.variation Range
1) Denmark St., Wombarra, 
above railway cutting 
(Fig. 2:2a)
880 m 0.72 m 0.75 m 105% 0.18 - 3.30
Denmark St., on West 
side of cutting 
(Fig. 2:3
880 0.63 0.68 108% 0.13 - 3.00
2) Clowes Park, 
Austinmer 
(Plate 4)
960 0.71 0.84 118% 0.16 - 3.60
3) Hill St., 
Austinmer 
(Fig. 2:2b)
880 0.63 0.32 51% 0.11 - 1.50
4) Kennedy Hill, 
Austinmer 
(Fig. 2:2b)
1290 0.34 0.29 84% 0.11 - 1.22
5) Campbell Street, 
west side of cutting 2370 0.62 0.56 91% 0.12 - 2.33
6) Campbell Street, 
Woonona, East side 
of railway cutting
2370 0.73 0.76 105% 0.11 - 1.22
* Data refer to boulders of Hawkesbury Sandstone. The maximum dimensions of 20 boulders, partly or wholly within 
approximately 2 m square area, were measured at each site.
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depositional feature, but the result of streams cutting back into the
escarpment. The deposits seem therefore to have blanketed the pre-slide 
landscape over extensive areas. As the present volumes of the lobes of 
5 6 3debris are 10-10 m , the original volumes must have been far greater 
and the movements that produced the debris have been catastrophic.
Secondly, many of the deposits contain very large boulders of both 
Hawkesbury and Narrabeen sandstones, and there is no evidence of systematic 
change in boulder size with distance (see Table 2:2). On Fig. 2:2b, 
the average maximum dimension of the boulders on the escarpment slope 
is 0.63 m. and of those on the outlier is 0.34 m. At Woonona, no good 
exposure is available on the escarpment slope, but the boulders on the 
outlier average 0.63 m. on the eastern face of the cutting and 0.72 m. 
on the western face, less than 10 m. away. Thus while the Austinmer 
and Wombarra sites (Fig. 2:2a,b) suggest some decrease in size downslope 
within these masses, the large boulders far from the scarp at Woonona 
and Mount Ousley indicate that their transport was highly energetic.
Thirdly the boulders are chaotically arranged throughout the depths 
of the exposed profiles and must have been deposited by a very turbulent 
movement. This movement was probably not highly fluid, since Sharp and 
Nobles (1953) stated that for the mudflow at Wrightwood, boulders 
accumulated in 'walls' at the front of surges. No such differentiation 
has been observed in the Illawarra deposits.
Fourthly the Type M debris occurs almost exclusively where the 
escarpment is headed by Hawkesbury Sandstone cliffs and the predominance 
of Hawkesbury Sandstone boulders in nearly all deposits suggests this 
spatial relationship is genetic. As there are at present no major 
boulder accumulations in talus slopes below the cliffs from which re­
movement could occur - nor remnants of any ancient accumulations - it 
is likely that the formation of Type M deposits involved major rockfalls
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from the cliffs.
Suggested Origin of the Type M Taluvium
The long distance between the present cliff-line and the taluvial 
outliers at Austinmer, Woonona and Mt. Ousley indicates that either 
scarp retreat has been considerable since the outlying masses were 
deposited or that they were deposited as very long tongues of debris.
The former alternative seems unlikely, because it would imply that:-
1. deposition of the Type M taluvium has been a largely continuous 
process, with debris being transported to the lower slopes of an 
ever-retreating escarpment. But the scattered deposits fail by 
several orders of magnitude to account for the vast amounts of debris 
that would have been produced by scarp retreat over 1-2 km.
2. the process had involved far greater volumes than contemporary move- 
mentments and having operated over a long period of time, had recently
ceased. The debris of even the largest modern mass movement (see Fig. 
1:4) has not approached the gentle slopes where the relict Type M 
masses are found.
3. scarp retreat had been very rapid during the Quaternary. However in 
the Nowra area Tertiary basalts and duricrusted profiles near the
foot of the coastal scarp suggest very slow retreat and stream erosion, 
not megascarp retreat, predominates (Young 1974). In the study area 
eastward-draining streams are relatively small and have not greatly 
dissected the escarpment edge, so they are unlikely to have triggered 
rapid scarp retreat.
It is likely, therefore, that the present slopes of the escarpment 
have developed slowly since uplift some 30-40 million years ago and that 
the cliffline has not changed position greatly since the taluvium was 
deposited at some period in the Quaternary. Further, it is suggested that 
the relict Type M taluvium was formed by catastrophic rockfalls, which 
spread debris far out over the lower slopes.
Such movements characteristically break into turbulent flowing
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masses which move rapidly over very long distances but, at least once
they move as a flow, do not scour deeply into the landscape over which
they pass (Hsu, 1975). Many of the major falls discussed by Hsu were
immense (10 -10 ) and occurred in areas of high relief - for example,
the Gros Ventre, Frank, Elm, Huascaran, Blackhawk and Viaont slides.
However less famous slides of similar volumes to the Type M deposits 
5 6 3(10-10 m ) had, Hsu stated, similar modes of formation. The falls 
were generally initiated by undercutting or by failure along bedding 
planes that dipped downslope, and several - the Blackhawk (Shreve, 1968) 
the Huascaran (Browning, 1973) and the Elm (Heim, 1882) - involved an 
initial fall onto a bench or ridge followed by 'jumping* of material 
from this in a turbulent flow.
The benched topography of the Illawarra escarpment would permit a 
similar mechanism, although the 'jump' stage is not crucial to the form­
ation of long turbulent debris deposits from major rockfalls. Large 
blocks of Hawkesbury and upper Narrabeen sandstones could have been 
dislodged from the upper slopes, incorporating fragments of claystones 
and any weathered debris and breaking up as they fell; and thence, perhaps 
from one of the benches, have been projected forward in a turbulent flow 
over the previously less-dissected, gentler Coal Measure foothills. 
Disintegration of weathered sandstones and incorporation of material 
from the claystone interbeds would account for the generous amounts of 
sand-size or smaller matrix in which the boulders are set.
Why such falls could have occurred in the past but do not occur 
at present is uncertain. They may have been initiated by rapid weathering 
and undercutting in wetter climatic periods, or by increased headward 
cutting and stream activity when relief was greater during glacial maxima, 
or perhaps by previously greater seismicity since the Illawarra is close 
to the epicentres of seismic activity in the Sydney Basin (Doyle et.al.
1968) .
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In summary therefore the strongly mottled deposits do not appear 
to have been formed by debris avalanches because no evidence of a 
major talus source alope exists (see Fig. 2:2) and they do not appear 
to be accumulations of small movements. Rather their extensive nature, 
the admixture of Hawkesbury and Narrabeen sandstone boulders and their 
long distance of travel indicate that they are the debris from major 
rockfalls of the steep upper slopes and cliffs, which also incorporated 
soil and weathered rock from their path.
Type U Taluvium
In this type, which includes the profiles grouped by Walker (1963) 
as his "Keira Formation", profile characteristics are variable, individ­
ual masses are thin and not extensive, and the deposits are largely 
confined to the narrow benches on the escarpment. They appear therefore, 
to be the accumulated products of minor debris avalanches, as Walker 
(1963) suggested, and of small rockfalls from the cliffs, but not all 
are relict.
At Mt. Ousley for example, diffusely-mottled red-orange Type U 
taluvium fills an ancient valley that is backed by the rise of a bed­
rock bench on which a separate mass of debris lies. At the back of 
this bench, debris from a rockfall off the Bald Hill Claystone at the 
crest of the slope has channelled down a watercourse onto the bench.
There are thus at least three separate masses of taluvial debris, with 
quite distinct profile characteristics, whose ages may well span 
several thousand years. Similar examples are common along the escarp­
ment.
The Type U taluvium seems to be the accumulation over a long period 
of time of avalanches of rock and weathered material from the steep 
upper slopes. Each mass may have re-moved many times. Material which
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reaches the lowest bench generally fails into the head of a gully and 
is transported by the stream, and rarely moves onto the tops of spurs. 
Contacts between Types M and U are thus unlikely as the Type M taluvium 
remains generally separate and is not covered by younger debris.
While it is likely that there have been pluvial periods when 
weathering and mass movement were accelerated, small debris avalanches 
are common under the present climatic regime. After most periods of 
heavy rain, new scars are visible in the forested upper slopes where 
debris from rockfalls or a weathered zone have moved downslope. For 
example, after 4 days of very heavy rain in March, 1974 when 213 mm 
fell, nearly half the landslips observed in northern Wollongong occurred 
in the forested area. Even rock falls directly from the
cliffs or very steep slopes generally change to debris avalanches, 
as the rock is weathered and rapidly disintegrates. This is perhaps 
most noticeable in the large semicircularrockfall from the Bulgo sand­
stone some 200 m. long and 20 m. high, but only 1-2 m. deep, in the bush 
north of Bulli Pass. The weathered sandstone has broken off in large 
blocks along alightly curved joint planes and largely disintegrated at 
the base of the cliff to form an orange-grey sandy clay with occasional 
small boulders and copious rotted stones.
The Stability of the Taluvial Slopes 
Distribution of Landslides in Northern Wollongong
On Fig. 2:5 all contemporary landslips other than minor failures 
from artifically cut slopes are mapped. Those shown have all involved 
a drop at 10 cm or more over a distance of at least 5 m. but most are 
far larger; four have damaged several houses, and others have disrupted 
similar areas of fortunately vacant land. The data has come from three
sources.
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1) Aerial photographic interpretation. Black and white contact prints 
flown in 1951 (approximate scale 1:17,000), 1966 (1:8,700) and 1974 
(1:51,000) were examined in stereo pairs (Appendix 1). In forested 
areas, a clear, curved scar of light tone can be seen, and in grassed 
areas the hummocky nature of the landslip is also visible. In built 
up areas movement is more difficult to detect because the distortion 
of even severely damaged houses cannot be resolved. Identification 
usually depends on mass of disturbed debris being visible in the 
surrounds because of their light tones and irregular outlines. It
is of course necessary to be certain that the MscarM is not a result 
of subdivision activity rather than landslip. Some areas were also 
covered by better scale photography flown by the Broken Hill 
Proprietary Co. Ltd. and kindly made available and these were use­
ful to gain more information about known slides.
2) Published literature and available unpublished reports. This 
included Bowman (1972), Amaral (1975), Hanlon (1958), Jones (1935) 
and Adamson (1960). In addition, back copies of the Illawarra 
Mercury (Now the Illawarra Daily Mercury) were searched for all 
months in which 250 mm. or more fell at any station on the escarp­
ment or plain (Appendix 2), (This figure is 100 mm less than that 
suggested by Bowman (1972), after analysis of movements at Thirroul 
Public School, as the minimum likely to cause severe landslip damage). 
Unfortunately references were often not sufficiently specific to map.
3) Personal observation or verbal reports confirmed by observation.
These were largely movements on the upper slopes or on roads and 
other public areas.
Approximately 150 landslips have been identified and located on
Fig. 2:5. For cartographic reasons, no attempt has been made to map
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each landslide according to its classification (slump, flow, rockfall 
etc.) but this information is given with the descriptions in Appendices 
1 and 2.
Some of the failures were rockfalls from the Hawkesbury Sandstone 
clifflines. Rockfalls that did occur - 1951 (9,33) and 1974 (8,9) - 
were small and delivered their debris to the benches below (See Plate 1). 
This again illustrates the difference between the slopes of the 
Illawarra escarpment and the free face - detrital slope combination 
observed in many other places (Koons 1955, King 1953, Schumm and 
Chorley 1966). In the Illawarra, failures off the free face are not 
the major contemporary mass movements and certainly do not provide enough 
detritus to cover the long steep Bulgo Sandstone slopes in the mantle 
of talus.
The debris avalanches which carry weathered material and some 
detritus from the steep slopes below the cliffs - 1951 (10, 15, 34),
1966 (14, 15, 16, 31) and 1974 (24, 25) - were more common but again not 
of major significance. As emphasised above, these steep slopes are not 
the sites of major debris accumulations, and their form is maintained 
by relatively frequent shallow avalanching of weathered material from 
them.
By far the most frequent and largest movements have been the slump- 
debris flows off the benches and middle slopes of the escarpment. Nearly 
all the failures shown on Fig. 2:5 and not described above fall into 
this category. The bedrock slopes of the Sydney Subgroup of the Coal 
Measures are particularly prone to slump-flow failure because they 
are highly weathered. In 1966 extensive deepseated slumps were apparent 
on the Coal Measure slopes at Rixon’s Pass Road, Woonona, while in 1951 
and 1974 there were several major failures off the lower Narrabeen 
benches and Coal Measure slopes a little further north-west off Gahan's
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Road. Similar failures have been frequent on the slopes north of Mt. 
Keira, behind Balgownie and Mt. Ousley - 1951 (35, 37-40) and 1966 
(25, 26).
However these failures have not been restricted to the weathered 
mantles on bedrock slopes but have frequently occurred on taluvial 
slopes. Those on the middle slopes of the escarpment have often involved 
re-activation of Type U deposits, although the failure plane may have 
extended into weathered bedrock underlying the taluvium. The deep slumps 
off the face of the Wombarra Claystone bench along Buttenshaw Drive -
Morrison Avenue - 1966 (52-56, 58-60), 1974 (14) - are examples of
failures in Type U taluvium, as are some movements at Mt. Ousley - 1951 
(34, 37, 41, 42) and 1966 (22-24).
Elsewhere the Type M taluvium, which frequently is underlain by 
Sydney Subgroup strata, is involved but this is not common. Examples
are at Thirroul - 1951 (20) and Bulli - 1951 (28). Several of the
failures in Type M taluvium have in fact been triggered by urban 
development. In the northern suburbs where taluvium-mantled spurs 
have been cut to provide railway and road lines, the excavated slopes 
have sometimes failed - 1951 (11, 16), 1966 (57). And of course where 
marine erosion is very active and the road is perched on the high sea 
cliffs, between Scarborough and Stanwell Park, failures due to under­
cutting are a constant hazard regardless of the material capping the 
cliff.
From the preceding brief review, several points are noteworthy:
1) The movements from the cliffs and upper slopes are too small and 
infrequent to cause build-up of a deep debris slope, but rather 
add to the Type U deposits that cover the Narrabeen Group and 
Sydney Subgroup benches.
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2) The Type U deposits, and the bedrock slopes above about 100 m. are 
highly unstable, and subject to frequent slump-debris flows. Some 
of the debris from these comes to rest on lower benches or slopes, 
but much is channelled down streams which are cutting back into the 
escarpment.
3) Type M taluvium appears to be relatively stable although disturbance 
during urban development has triggered some large failures.
4) Urban development has to date largely taken place on alluvial flats 
or the lower foothills cut in Cumberland Subgroup strata. The 
Cumberland Subgroup, although it weathers rapidly under alternating 
wet-dry conditions, appears to be more stable than the Sydney 
Subgroup and in the foothills, slopes are not as long and steep as 
on the middle slopes of the escarpment. Thus a relatively small 
proportion of the known failures have occurred in the urban area 
but nevertheless some 60 houses or released building blocks have 
been damaged or severely threatened.
5) The present western limits of subdivision have in some places, such 
as Mt. Ousley, already encroached onto slopes that have been 
subject to major failures before they were developed. And through­
out the length of the area mapped, any westward expansion or infilling 
will take housing more and more onto slopes of proven natural 
instability.
The Relationship Between Slope Stability and Geology
Hanlon (1958) described the Wombarra Claystone of the Narrabeen 
Group as the "most dangerous" stratum for slope instability in the 
Wollongong area. He was writing mainly about the northern suburbs and 
particularly the Coast Road between Scarborough and Coal Cliff. In 
this area, the road largely rests on the Wombarra Claystone (see Fig. 2:1)
TABLE 2;3
UNDERLYING GEOLOGY OF REPORTED OR OBSERVED SLIPS






Rnw HD 9(9) 2 15(7)
Rnc 3 4
Sydney S-g 17(2) 8(6) 12(H . 43(17)
Cumberland S-g HD 2
* (a) refers to the number of slips in which bedrock was overlain by
taluvium. Thus in column 1, 5 slides occurred in the Cumberland 
Subgroup and 1 in taluvium overlying the Cumberland Subgroup.
Col. 1 after Table 5 Bowman 1972.
Col. 2 from reports to Council after heavy rain in 1974 
Col. 3 observed by author after heavy rain 9-12/3/74
Col. 4 identified by author off 1951, 1963, 1966, 1974 aerial photographs 
see Appendix 1.
(see Table 1:1 for explanation of geological symbols)
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and is disrupted both by rockfalls from higher strata when these are 
undercut by erosion of the Claystone, and by slumping of weathered 
Claystone.
Bowman (1972) however considered the mudrocks of the Sydney Sub­
group to be the least stable stratum and offered the following sequence 
of stability for the strata outcropping on the escarpment:









This sequence appears to have been derived, at least in part, from 
the underlying geology of landslides which had been reported to Wollongong 
City Council (Bowman 1972, Table 5) and this data has been summarised 
in column 1 of Table 2:3. The other columns of Table 2:3 represent 
landslides reported to Council in 1974, those observed by the author 
after four days of heavy rain in March, 1974 and those observed on the 
aerial photographs flown in 1951, 1963, 1966 and 1974. Thus, while 
Columns 1 and 2 record only landslides in the urban area, the other 
two columns list the geological situation of landslides at any position 
on the escarpment. In all columns, the number of cases in which the 
slide was founded in, or incorporated, taluvium overlying the particular 
stratum has been given in brackets.
Clearly, the largest number of known slides have occurred on the 
Sydney Subgroup or in taluvium overlying it, and this bears out 
Bowman’s suggestion that it is the least stable stratum in the area.
The Subgroup is however exposed over a very large proportion of the 
study area, and there are consequently more topographically unstable
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sites on this than on other strata. In contrast, the Wombarra Claystone 
which also has a very poor record of stability is exposed over a far 
smaller area, and - as Hanlon pointed out - should be regarded as a 
very unstable stratum.
Stability of Taluvial Slopes in Relation to Geology
The stability of the taluvial slopes is of course partly a consequence 
of the stability of the strata that underlie them. Type M teluvium is, 
except to the north of the Clifton Fault, invariably underlain by the 
Sydney Subgroup and often directly by a coal seam. Contacts between 
Type M taluvium and a coal seam can be seen near Coledale Beach, at 
Denmark Street railway bridge in Scarborough, near Long Point in Austinmer, 
in Hill Street at Austinmer, on the colliery railway by Slacky Flat at 
Bulli, at Cope Place on Bulli Heights and on Mt. Ousley Road (Plate 5).
Because the Sydney Subgroup is generally highly weathered and has 
a high clay content, it normally will sustain only low angle slopes and 
it is not surprising that the debris of the Type M deposits came to 
rest on these. As noted before (see Figs. 2:2, 2:3), the sub-slide 
angles on the Sydney Subgroup are only 3-5° and though the movements 
probably incorporated the topsoil and most weathered upper mantle, 
they do not appear to have scoured into these slopes. This low angle 
and the association of debris with the coal seams may also result from 
particularly rapid weathering of shales above the seams. Typically 
the coal seams are aquifers although in several places they seem to 
have acted as aquacludes and forced water to seep through the strata 
directly above. In addition, a pressure head of 3.5-6 m. has been 
recorded from the Wongawilli Seam at Thirroul and Mt. Ousley (discussion, 
Instability and Land Development Symposium, 1974). The concentration 
of flow near the seams, and in some cases uplift from the pressure
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head, would have led to instability and low slope angles on the pre­
slide landscape, and thence gentle slopes on which debris could come 
to rest.
The Wombarra Claystone also weathers to give a thick clayey mantle, 
and this is, as shown on Fig. 2:1, usually covered with a veneer of 
Type U deposits. On the tread of its bench, slopes are deceptively 
gentle and Bowman (1972) mapped the top of the bench as a zone with no 
stability problems. However deepseated slumps off the face of the 
bench have since disrupted much of the "stable" area. In most cases, 
the failure plane appears to be founded in the weathered bedrock and 
the taluvial mantle to have been simply carried along with the movement.
As mentioned previously, failures in the relict, strongly mottled 
Type M taluvium are not common except where the slopes have been dis­
rupted by urban development. These masses tend to be consolidated, 
cemented by iron oxide (Mulholland 1950) and thus relatively stable. 
Fissuring may facilitate drainage, and the sandy iron-stained mottles 
may also act as drainage paths. Type U taluvium, in contrast, is 
unstructured and unconsolidated, and is very susceptible to shallow 
failure.
For these reasons, it is suggested that Bowman’s scale of stability 
be revised as follows:
Hawkesbury and Narrabeen Group sandstones 
Cumberland Subgroup




stabilityType M taluvium 
Type U taluvium 
Wombarra Claystone 
Sydney Subgroup
However it must always be remembered that the topographic position 
is of great importance, and a site at the head of any actively eroding
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stream, for example, is probably unstable no matter what stratum is 
outcropping. Also, the ’’stable" sandstones are very susceptible to 
failure when they are undercut by erosion of the claystones beneath them.
Slope Angles in Relation to Stability
Carson (1971, p.44) suggests that the frequency distribution of 
the angles of straight slopes reflects the stability of the debris 
mantles masking the slopes. "The upper limit is probably the angle of 
repose of the first, coarse products of weathering of the rock mass; 
the lower limit appears to coincide approximately with the threshold 
angle of slope of the mantle in its most weathered condition, when sub­
jected to particular moisture conditions; and the modal group of slopes 
seems to be limited to the stability of the mantle in an intermediate 
stage of weathering". Bowman (1972) implies a similar concept when he 
states that unstable slopes in mudrocks and talus have a modal slope of 
10-15° and that this angle corresponds to the residual angle of shearing 
stress commonly reported for clay soils. However in making this state­
ment, Bowman ignores the effect of porewater pressures mentioned by 
Carson. If in fact, the water table rises to the surface of the slope, 
a straight slope will stand at only approximately half the value of the 
residual angle of shearing stress, and artesian pressures in the slope 
will reduce the stable angle still further.
Bowman's data does not in fact fully support his assertion that the 
modal slope for both slope materials is 10-15°. The distribution of angles 
of unstable slopes measured by him (partly from field observation and 
partly from topographic maps) is graphed in Fig. 2:6. The 35 measure­
ments taken on the interbedded claystones and sandstones of the Coal 
Measures and on claystones in fact peak not at, as he claims, 10-15°,
Surface and Bedrock Gradients 
on Taluvial Slopes,Thirroul
Fig.2 7
a)UNSTABLE TOPOGRAPHY -  Taluvial  surface is steeper than bedrock slope
b) STABLE TOPOGRAPH Y -  Taluvial surface not steeper than bedrock slope
"laluvium depths in metres 
All heights in metres above R.L.
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but at 20-25°, and the angles taken on debris-mantled slopes* have a
minor peak at 25-30°. The wide range of angles measured, the broad
peak of the claystone-interbed distribution and the apparently bi-modal
distribution for taluvial slopes suggest that the concept of the
"threshold slope" may be difficult to apply to the Illawarra escarpment.
The crucial problem may well be that the relationship between slope angle
and the properties of the debris mantle given by Carson (1971) applied 
2to straight slopes with a mantle of constant thickness. On the 
I llawarra escarpment however contours have high curvature (except in 
parts of the steep bedrock slopes below the cliffline) and the thickness 
of the debris mantles varies greatly. The stability analyses are 
correspondingly more complex, the prediction of porewater pressures 
more difficult and the relationship between debris characteristics and 
slope angle less straightforward. Hence it is difficult to predict the 
angle at which the slopes cease to be stable simply from the mantle 
characteristics. But it is probably valid to assume that slopes in excess 
of 20-25° on claystones or taluvium will not be permanently stable.
An alternative means of estimating the maximum stable angle of the 
taluvium was made available by reliable drilling data at Thirroul and
3
Coalcliff . At Thirroul up to 20 m. - but on average 4-5 m. - of Type 
U taluvium overlies Sydney Subgroup strata. Some of the land, particularly 
near the creeks, is unstable and the present ground surface is steeper 
than the slope of the underlying bedrock. At the two unstable sites
1. Although the averages for field and map measurements differ, and map 
values generally tend to underestimate true slope values, a Mann-Whitney 
test revealed no significant (a = 0.05) difference between the field and 
map populations (Appendix 3).
2. Pitty (1966) defines a straight slope as one in which a profile can 
be run down the maximum gradient without deviating more than 5 from a 
constant bearing.
3. Data by kind permission of Longworth and McKenzie
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shown on Fig. 2:7a, the ground surface slopes at 14.2° and 11.8°, while 
the underlying pre-slide surface slopes at only 12.8° and 8.4° respectively. 
Smaller depths at the lower boreholes indicate basal sapping of the 
taluvium, a fact supported by the relatively shallow depths near streams 
elsewhere on the site.
On ground which shows no surface instability, the taluvial slopes are 
equal to or less than the bedrock slopes underlying them (Fig. 2:7b).
The ground surface slopes at 6.9° and 10.1°, while the bedrock slopes 
at 7.5° and 10.1° respectively. Thus the taluvium is not sloughing off 
as it does at the unstable sites, and the maximum angle at which this 
taluvium is stable apparently does not exceed 10°.
At Coal Cliff, a small failure occurred where taluvium had infilled 
an old bedrock valley (Fig. 2:8). Bedrock contours slope at 7°-8° on 
t h e  valley sides and 6°-7° in the trough; but the taluvium surface 
stood, in a highly unstable state after the initial failure, at 12.5­
13.5°. As at Thirroul, therefore, the unstable slope of about 13° was 
steeper than the bedrock slope and lower depths to bedrock in downhill 
bores indicated basal sapping. These results support the contention 
that slopes exceeding 10° are not stable in taluvium. In the case of 
the failure at Coal Cliff, the concentration of water down the line of 
the old valley could in fact reduce the stable angle to 7-8°.
Summary of Conclusions
1. The taluvium can be divided into two groups:
Type M : a distinctive group of bouldery deposits characterised 
by deep strongly mottled podzolic profiles. These rest 
on the foothills of the escarpment, often lying closely 
above coal seams, and were probably deposited by massive 
rockfalls of Hawkesbury and Narrabeen sandstones. They
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no longer show the hummocky ruptured topography 
characteristic of recent landslides, but have been 
dissected by streams and - in the north- truncated by 
marine erosion. Hence they are the remnants of formerly 
more extensive deposits.
Type U: these deposits do not all have very similar soil profiles.
They represent the accumulation of many small rockfalls 
and debris avalanches, both past and contemporary, and 
their profiles - though usually poorly structured and 
shallow - differ in colour, mottling, stoniness, boulder 
content and matrix texture. The deposits do not generally 
overlap the older Type M deposits but rest on the benches 
higher up the escarpment.
2. The stability of the taluvium depends partly on the characteristics 
of the deposit and also on the underlying geology. Both the Type M 
and Type U taluvium rest largely on unstable strata - the former 
on the Sydney Subgroup of the Coal Measures and the latter on the 
Sydney Subgroup at Mt. Keira and on the Narrabeen claystones 
(especially the Wombarra) in the north. The older Type M taluvium, 
despite its unstable base, appears to be generally more stable
and the failures in it are largely due to interference with slope 
angle or drainage. However the Type U taluvium is very prone to 
shallow failure itself, and is often disrupted by movements founded 
in the weathered bedrock underlying it.
3. Oversteepening by streams often initiates failure into the head of a gully. 
Thus the middle and upper slopes, especially if unstable strata outcrop
or taluvium covers the slopes, are very susceptible to mass movement.
Some data suggests that the angle at which taluvial slopes are stable 
does not exceed 10°, and may be lower if soil water is concentrated
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by channels in the underlying bedrock surface.
These findings raise several points that require further discussion. 
The influence of topography on slope stability has been only briefly 
mentioned and will be dealt with again most fully in Part II, the case 
studies. The detrimental effects of concentration of water in the soil 
and of unwise urban development have been implied and will receive 
fuller attention in Chapters 3 and 4. Of most immediate importance 
is an adequate description of the characteristics of taluvial deposits - 
t heir texture and mineralogy, their physical properties, and the 
variation of these characteristics - as this information throws greater 
light on the processes acting on the slope and allows comparison with 
published data concerning slope processes and stability.
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CHAPTER THREE
THE COMPOSITION OF THE TALUVIUM 
AND ITS VARIATION
The Type M and Type U deposits are distinguished by their profile 
characteristics - Type M deposits have coarse, red-white mottling;
Type U deposits do not. In the preceding Chapter it was suggested that 
this difference was associated also with differences in distribution, 
in age, and in origin. Hanlon (1958, p.5) asserted, however, that 
although the taluvium could include material from any higher formation, 
"it often reflects the nature of the formation underlying it". Harper 
(1935) also implied progressive alteration of the taluvium by incorpor­
ation of weathered bedrock as it slips towards lower ground. Such 
incorporation should produce systematic changes in mineralogy and 
texture, depending on the stratum on which a particular mass of taluvium 
rests. However the profile differences indicate no such systematic 
changes; for example, Type M taluvium resting on the Sydney Subgroup 
far from the cliff-line typically contains many Hawkesbury Sandstone 
boulders and sandy rather than clayey matrix. Indeed if the origins 
suggested in Chapter 2 for the two types of taluvium are valid, the 
taluvium could hardlyMreflect the nature” of the beds on which it now 
rests. Clearly too the origins proposed earlier involve turbulent 
movements of material from more than one stratum, and considerable 
variability both between and within deposits might be expected.
The properties of the taluvium, and their variation, are therefore 
important for a clearer understanding of the material origin. They are 
important also because some physical properties of soils can be used 
as estimators of soil strength and because, as Bjerrum (1967) has 
* noted, the often unpredictable and great variation in natural slope 
materials complicates the assessment of their stability.
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This Chapter is therefore concerned with the following questions:
1. What are the physical and mineralogical properties of the taluvium 
on the Illawarra escarpment?
2. Do these properties differ systematically between the Type M and 
Type U deposits?
3. Does the composition of the taluvium reflect the characteristics 
of the underlying bedrock, or of strata well above its present 
position?
4. Is there greater homogeneity within the Type M deposits, which all 
have similar soil profiles, than within the Type U deposits, which 
have widely differing profiles?
5. What do the physical properties of the taluvium indicate about its 
present and long-term stability?
DATA COLLECTION
Apart from Walker's (1963) paper and limited analyses in Bowman's
(1972)and Hanlon's (1958) studies, there is little information published
on the properties of the Illawarra taluvial deposits. Nor is taluvial
material extensively discussed in the general literature. The term was
coined by Wentworth (1943) for the mixed rock rubble - soil material
involved in debris avalanches in Hawaii, and is discussed by Carson
and Kirkby (1972). Wentworth was concerned with a very different geo-
morphic situation to the Illawarra while the examples listed by Carson
and Kirkby were generally far more gravelly than the Wollongong deposits.
It should be noted here that the following discussion will concern
mainly the matrix of the taluvial deposits. The large sandstone boulders
which are common particularly in the Type M deposits are very rarely
in contact with one another and interlock at only one exposure1 known
1. This is on Mt. Ousley Road, but even here a recent shallow flow has
occurred with no apparent retarding effect of friction between boulders.
Soil C lassification  by 
Plasticity  Chart
Fig. 3-1





to this author. Sharp and Nobles (1953) found that boulders in the 
Wrightwood mudflow were transported easily by the fluid matrix and did 
not impede flow. This seems also to be the case in re-activation of 
the Illawarra taluvium. Hence they appear to be unimportant in assessing 
stability; obviously they have reached their positions during quite 
energetic movements and offer no information about incorporation of 
weathered bedrock during slow downhill slipping; and they have received 
relatively little attention, in consequence.
Information about the composition of the taluvium was gained from 
three surveys:
1. A broad reconnaissance survey was made of colour and texture.
A 400 m x 400 m grid was placed over the study area and a sample of 
about 200 g. collected from the cleaned-back face of one exposure from 
each cell in which taluvium occurred. This yielded 42 samples.
2. Ten samples were taken along 3 transects - across the slope at , 
Mt. Ousley and down the escarpment at Bulli Pass and at Austinmer - and 
analysed for texture, specific gravity, Atterberg limits, linear shrinkage, 
chemical composition, pH and clay mineralogy. The same analyses were 
done for two samples taken from the red and bleached mottles of the
Type M deposit at Long Point, Austinmer. Again, these 12 samples were 
from cleaned-back exposures.
3. Three sites of major instability - Mount Ousley Road, Cope Place 
in Bulli Heights and Buttenshaw Drive in Austinmer - were selected and 
multiple samples from 1 m. depth augered out. These samples were 
analysed for texture, specific gravity, Atterberg limits and pH. These 
sites will be discussed fully in Chapters 6, 7 and 8.
Full details are given in Appendix 4 , but the results of all
analyses are summarised below as a basis for further discussion.
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AVERAGE PROPERTIES OF THE TALUVIUM
1} fixain the matrix of the taluvial masses is generally a sandy clay 
u l Z @ !
(Table 3:1). Clay predominates (average 38-52%) with 
significant coarse-medium sand (average 20-34%), some fine 
sand (6-14%) and silt (9-16%) and minor gravel (less than 
10%). This bimodal distribution of particle size of course 
reflects the parent materials - claystones and coarse- 
medium sandstones.
2) Colour: Table 3:2 shows the colours (from Munsell colour charts) for
the 42 samples of the reconnaissance survey. There is some 
overlap, but the most common colours for the Type U taluvium 
are red-brown (5YR4/6, 5YR5/6) while some six colours often 
occur in Type M deposits - red (10R3/6, 10R4/6, 7.5R4/8) and 
grey (10YR8/1, 7.5YR8/1, 5Y8/1).
3 ) Atterberg limits*: by plasticity chart, the matrix may usually be
classed as an inorganic clay or medium-high plasticity 
(Fig. 3:1). Plastic limits lie between 15% and 23%, liquid 
limits between 29% and 82% and plasticity indices between 
14% and 52%. The clays are expansive and linear shrinkages 
ranged from 12-19%. Natural moisture content is usually 
below the plastic limit at 9-19%.
1. The plastic limit, W , is the moisture content at which the soil just 
becomes plastic and leases to be brittle.
The liquid limit, W^, is the moisture content at which the soil loses 
plasticity and begins to flow.
The plasticity index, 1 , is the difference between these limits,
of a bar of soil
in a standard mould as it dries from a slurry at the liquid limit 
to its shrinkage limit. It is expressed as a percentage of the 
original length.
The finear shrinkage, 1 , is the change in length
TABLE 3:1










Mt. Ousley Road 14 2.4% 32.4% 9.3% 14.3% 44.0%
Buttenshaw Drive, 8 3.2% 20.4% 8.8% 15.6% 52.0%Austinmer
Transect Samples 12 9.8% 22.6% 10.6% 15.5% 37.8%
Cope Place, Bulli* 4 34,.4% 6.0% 9.5% 50.2%
Reconnaissance * 42 26 .6% 14.2% 12.8% 44.9%Survey
* In both cases, gravel fraction was not high (estimated less than 5%). 




MUNSELL SOIL COLOURS OF 19 TYPE M AND 23 TYPE U T ALU VI AL MASSES
V/C i.e. Value/Chroma (No. of occurrences)
HUE Type M Type! U
7.5R 4/8 (3) 4/8 (1)
10R 3/6 (4), 4/6 (3) 4/8 (1)
3/4 (1), 4/3 Cl), 4/8 (1)
2.5YR 4/6 (2) 4/6 (2)
5/6 CD, 5/8 (1), 7/8 CD 3/6 (1), 5/8 (1)
5YR 5/6 (5), 4/6 (4)
4/4 (1), 6/6 (1)
7.5YR 8/1 (4) 5/4 (2), 6/6 (2)
5/6 Cl), 6/8 Cl) 5/6 (1)
10YR 8/1 (8), 6/4 C2) 3/1 (1), 4/1 (1), 4/3 (1)




Most common 10YR. 8/1, 7.5YR 8/1, 5YR 5/6, 5YR 4/6
colours 5Y 8/1, 10R 3/6,
10R 4/6, 7.5R 4/8
Source: author's data





















Hawkesbury Sandstone Rh 68-70 0-1 2-16 8.28 .2-.4 ML/I/K .5-4 .1
Bald Hill Claystone Rnz K 15-25
Bulgo Sandstone Rnb 15-56 1-3 27-80 3- 8 .2-. 5 ML
Stanwell Park Claystone Rnsp K/I/ML/Mt 5-20
Scarborough Sandstone Rnsc 13-49 1-8 43-85 1-3 .15-.3 I/ML
Wombarra Claystone Rnw I/K
Wombarra Claystone 
(sandy facies) Rnw 3-19 25-47 I/K
Coal Cliff Sandstone Rnc 6-22 0-3 9-58 3-20 . 1-. 2 ML/K 5-3 10-76
Sydney Subgroup Mudrocks Pi ML/I/K
Sydney Subgroup Sandstones Pi 6-14 2-10 56-90 2-5 .06-.3 ML/K
Erins Vale Fmn Pie 0-1 9-20 50-79(v) 5-27 .25 ML
Pheasants Nest Fmn Pip 0-10 5-3 70-89(v) 2-5 .3-. 5 I/ML
O ’) Volcanic fragments Mt MontmorilIonite Source: Bowman 1972, 1974
K Kaolinite Loughnan 1963, 1966
I 11 lite
ML Mixed layer clays
TABLE 3:4
CLAY MINERALOGY OF THE NARRABEEN GROUP
Stratum % Kaol. % Illite % M-Layer % Chlorite No. of Samples
Rnz 75-90 - - - 9
Rnb Mudrocks 5-35 5-30 10-45 P-5 16
Rnb Sandstones 2-37 p-13 2-30 P-3 22
Rnsp 15-35 p-10 10-45 P-5 10
Rns, 6-18 1-5 6-12 1-2 3
Rnw Mudrocks 15 10-15 15-35 - 3
Rnw Sandstones 6-11 2-8 8-32 2-3 5
Rnc 9 10 24 - 1
p = present in small amounts only 
% = % of total rock
Source: Table 1, p. 181 and
Table 2, p. 184 of Loughnan (1963)
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4) Clay mineralogy: As expected mixed layer clays and kaolinite dominated, 
with well-crystallised illite usually a minor component 
(Appendix 5). Small amounts of crystalline iron oxides 
(goethite - FeOOH - and its unstable pseudomorph lepidocrocite) 
and anatase (TiO^) were also identified.
4) Chemical composition: Silica (SiOaccounted for 55-75% of dry
weight of the matrix, alumina (A^O^) for 5-15%, iron (III) 
oxide (Fe20 )̂ for 6-11% and volatile material (probably 
organic) for 6-7%. Base status was very low, with only 1-2% 
potassium (as K^O) and calcium, magnesium and sodium (as CaO, 
MgO, Na20) combined less than 1%.
6) Specific Gravity was lower than the value of 2.65 often accepted for 
clayey soils. For most samples it ranged from 2.50-2.60.
The above listing indicates considerable variability of the taluvium's 
physical and chemical properties, but before discussing this variability, 
it is appropriate to review the major factors responsible for the taluvium's 
properties - the parent strata, and weathering processes operating on 
the deposited material.
THE PARENT MATERIALS OF THE TALUVIUM, AND THEIR ALTERATION BY WEATHERING 
THE PARENT STRATA
The Triassic strata - the Hawkesbury Sandstone, and the sandstones 
and claystones of the Narrabeen Group - have supplied the bulk of the 
taluvial material, with the Permian Coal Measures being of lesser import­
ance. Fragments of the Coal Measure sandstones are rarely seen; the mat­
rix is less clayey than would be expected if large quantities of weathered 
Coal Measure claystones had been incorporated into the deposits; and in 
the northern suburbs, the Type U deposits in fact lie above the outcrops 
of the Permian strata. The major source rocks for the taluvium are thus
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claystones and quartz/quartz-lithic sandstones (Table 3:3).
The Triassic sandstones are medium-coarse in grain size (median 
0.2 mm. or larger) siliceous and resistant to weathering. Although 
only the Hawkesbury Sandstone has a high percentage of quartz clasts, 
the rock fragments in the Narrabeen Group arenites are usually siliceous 
and often cherty. All these sandstones - and especially the Hawkesbury, 
Bulgo and Scarborough formations - tend to have well-developed vertical 
jointing and break into large angular blocks.
In contrast, the sand-size fraction of the Coal Measure strata is 
mainly rock fragments which are of volcanic origin in the Cumberland 
Subgroup and ’fine grained and altered’ in the Sydney Subgroup (Bowman 
1974, p.53). Except when indurated with calcite or other cement, they 
rarely form joint blocks. Thus any Coal Measure sandstones incorporated 
into the taluvium would probably disintegrate, and the sand-size material 
weather rapidly to clays.
The claystones of both the Permian and the Triassic strata are 
composed mainly of kaolinite and illite, with mixed layer clays being 
significant in the Narrabeen Group (Loughnan 1963, 1966). These minerals 
also comprise the small clay-size fractions of the sandstones (Standard, 
in Packham 1969, p.411, Loughnan 1966). Only for the Narrabeen Group 
are detailed quantitative analyses of clay mineralogy (Loughnan 1963) 
Table 3:4) available. The dominance of expansive mixed-layer clays 
is clear, except in the Bald Hill Claystone which is composed almost 
entirely of kaolinite and haematite. There is relatively little well- 
crystallised illite.
Analyses of the clays from the escarpment strata are also given by 
Bowman (1972, 1974) but he appears to have mistaken mixed layer clays 
for montmorilIonite. He reports montmorillonite as a major component
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of the Narrabeen strata and of the talus. However Loughnan (,1965,
1966) did not detect it either in the Narrabeen ('.roup or the Coal 
Measures and it is in fact usually associated not with sedimentary 
strata but with soils formed below the water table on igneous or 
high grade metamorphic rocks (Loughnan 1969). Loughnan (pers. comm.
1974) suggests that the ’montmorilIonite’ may in fact be degraded illite 
which may also expand to give an Xray diffraction peak at I7A^.
The parent strata thus supply large joint blocks of siliceous 
sandstone, siliceous sand-size material and mixed ) ayer-kaolinite- 
illitic clays. Some also supply appreciable iron oxide as haematite, 
^ e2^3^ 0r si^erite (FeCOg) and calcite (CaCO^) .
Weathering of material derived from the parent strata
The analyses summarised earlier show that the taluvium is typical 
of soils developed under a moist temperate climate (Loughnan 1969), 
that is, they are acidic, their base status is low and their clays 
are often kaolinitic.
Of the minerals supplied by the parent strata, only kaolinite 
and silica are stable under these acidic, leaching conditions 
(Loughnan 1969, Gillot 1970). Both may be altered, but kaolinite only 
in more extreme conditions and silica only by solution if very 
fine-grained. The other minerals - illite, haematite, siderite and 
calcite - are either altered or leached from the soil.
Clay minerals are composed basically of alternating layers of 
tetrahedral silicate sheets and octahedral gibbsite (aluminous) 
sheets (Fig.3:2a), but the differing arrangement of these layers 
causes great differences in physical behaviour of the clays, 
kaolinite has a 1:1 structure, each crystal comprising one silicate
and one gibbsite sheet (Fig.3:2b), and t h e  bonding b e t w e e n  c r y s t a l s
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in this ’open deck sandwich' structure is strong. Illite however has
a 2:1 structure, very similar to that of mica with two silicate sheets
enclosing a gibbsite sheet (Fig.3:2c). Because of bond distortion
and frequent replacement within the gibbsite sheet of aluminium 
3+ 2+(AI ) by magnesium (M ) and other low valence cations, residual 
negative charges arise on the outer faces of the silicate sheet.
These charges are generally balanced by potassium (K+) ions but the 
ions may be leached out leaving mutually repulsive charges between 
crystals. The charges may be neutralised by hydrogen bonding by 
water molecules penetrating between the crystals, and the illite 
structure expands. This leaching and expansion of the illite is 
called degradation, and the degraded illite is often not distinguish­
able from expansive 'mixed-layer clays' where the sequence of 
alternating layers is far less regular than in the pure minerals.
For this reason the terms 'mixed layer clays' and 'degraded illite' 
can be regarded as synonymous in this thesis.
Illite thus readily degrades by leaching of potassium ions and may 
even be desilicified to kaolinite (Loughnan 1969). This alteration 
was observed (Loughnan et al 1962) in the Triassic shales of the 
Sydney area, where illite survived the saturated stagnant conditions 
of the pallid zone below the water table in lateritic profiles but 
was degraded in the mottled zone where leaching and dessication 
occurred. The illite is weathered to expansive clays and perhaps 
minor newly formed kaolinite.
Haematite and siderite convert to a hydrated form of iron (III) oxide, 
generally called limonite, that is non-crystalline and thus not 
detected by X-ray diffraction. Iron II or iron III can be mobilised 
as soluble organometallie (Loughnan 1969) or organo-siliceous
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(Millot 1970) compounds, but also tends to oxidise spontaneously 
above the water table to a fairly immobile form. Mobilisation and 
precipitation may thus frequently alternate. Calcite however is 
rapidly leached from the soil, as it is very soluble in acidic waters. 
Thus the taluvium consists of:
1) large boulders and some gravel, comprised of siliceous 
sandstones. The boulders show no spheroidal weathering.
2) a bimodal matrix of siliceous medium-coarse sand and 
predominantly mixed-layer and kaolinitic clays.
Variability between Deposits
As the Type M and Type U deposits have different profile 
characteristics, apparently different modes of formation and dif­
fering stability, some systematic differences in their physical 
properties was expected. Because texture is an important indicator 
both of origin and of stability, their clay contents were compared 
and the results are shown on Fig.3:3,
The Type U masses high on the escarpment generally have low clay 
contents while the Type M masses well distant from the cliffs are 
relatively clayey. Over most of the slopes however, the ranges of 
clay content for the two Types overlap, and testing for the 42 
reconnaissance sites showed no significant (* = 0.05) difference 
between the average clay content of the Type M and Type U deposits 
(Appendix 6). Thus there was no consistent relationship between the 
Types distinguished by soil profile and the clay contents of the 
taluvial masses.
This result is compatible with the modes of formation 
postulated in Chapter I - turbulent chaotic movements, from several 
parent strata. It does not accord with Harper's (1935) and Hanlon's
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43% 8 16 19 42 17 25 2.62 4.8 18 12.0
BP4 10YR 6/4 - 10%
Stoney
36% 4 9 23 32 18 14 2.57 5.3 22 7.4
BP5 5YR 6/8 - 5-10%
some stones
33% 11 - 22 29 18 11 2.44 4.3 13 11.6








42% 20 5 17 53 23 30 2.57 3.9 10 11.6





45% 20 4 21 53 21 32 2.57 4.3 13 15.4
A 8 2.5YR 3/6 - - 40% some - - 43 18 25 2.36 5.4 16 14.4
A9 - - 59% 5 32 22 61 21 40 2.50 5.3 35 18.6





35% 18 6 11 42 16 26 2.53 4.3 17 18.0
11 10R 5/6 N/A N/A 28% 11 - 17 35 18 17 2.57 4.3 10 11.6
1 2 1 0 Y R  7 / 1 N/A N/A 39% 18 7 14 37 14 23 2.51 4.3 11 16.4
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(1958) suggestions of progressive slipping and incorporation of 
weathered bedrock, down the escarpment. This latter mechanism 
would lead to a downs lope increase in clay content and decrease in 
boulder content, at least across the Ccal Measures, which weather 
to a clayey soil with minimal sand and no boulders. Certainly 
clay content increases downslope at Austinmer (33-64%) and at 
Balgownie (38-60%), but this is not a general trend and it is not 
repeated in the extensive deposits at Mt. Ousley and Thirroul.
Cluster analysis of taluvial properties
The possibility of a relationship between profile type and 
physical properties was further explored using the data from 
transects at Mt. Ousley, Bulli Pass and Austinmer (Table 3:5).
At Mt. Ousley, three samples - MOI, M02, M03 - were taken along 
a small bench cut in the Sydney Subgroup, 130-150 m above sea level. 
All three were from Type U deposits exposed in cuttings beside Mt. 
Ousley Road, and the deposits are separated by a bedrock spur 
(MOI and M02) and a creek (M02 and M03).
The second transect was taken down the escarpment, rather 
than across it, at Bulli Pass. Two Type U masses at 240 m and 220 m 
BP4 and BP5 respectively - and two Type M deposits at I15 m and 
II2 m - BP6 and BP7 - were sampled. BP4 lies above the Scarborough 
Sandstone, BP5 on the Wombarra Claystone bench, and BP6 (Plate 12) 
and BP7 (Plate 13) above the Balgownie Coal Member.
At Austinmer, three deposits were sampled - A8 (a Type U 
deposit) from 110 m on the Wombarra Claystone bench, A9 from
a slump-flow off that bench, and AI0 (Plate 4) from a Type 
M deposit below these, on the Sydney Subgroup at 50 m above sea level 
Samples II and 12 are respectively material from the red and bleached 
mottles of the lower Type M deposit at Long Pt., Austinmer (Plate 10)
Cluster Analysis by Texture 
and Index Properties
Fig. 3 4
a) By correlation coefficients and distance 
measure on standardised data
b) By distance measure , unstandardised data















Short horizontal links denote close similarity between samples
TABLE 3:6
GROUPS FORMED BY CLUSTER ANALYSIS OF TEXTURAL § INDEX PROPERTIES
a) By Correlation Coefficients, and by Distance Measure on :Standardised
Data
SOILS W L 1P




29-32 11-14 33-36 2.44-2.57 4.3-5.3
M02, BP6, BP7, A10 
Type 1 masses + (M02) an 
orange-brown strongly 
mottled mass
42-53 26-32 35-45 2.49-2.57 3.9-4.3
11
Red Mottle of Type M Mass 35 17 28 2.57 4.3
M03, A8, A9, 12 
Irregularly Mottled Mass; 
Red Clayey Mass; Slip clay; 
White Mottle of Type M Mass




43 21 52 2.50 4.5
b) By Distance Measure on Unstandardised Data
M03, A8, A10, 12 
Irregularly Mottled Mass; 
Red Clayey Mass; Type M 
Deposit; White Mottle of 
Type M Deposit.
37-43 23-26 35-43 2.36-2.62 4.3-5.3
M02, BP6, BP7 
Strongly Orange-Brown 
Mottled Mass; Type M 
Masses with Few Boulders
50-53 30-32 41-45 2.49-2.57 3.9-4.3
BP4, BP5, 11
Red-Brown, Unstructured, 
Unmottled Masses; Red 
Mottle
29-35 11-17 28-36 2.44-2.57 4.3-5.3
A9
Slip Clay 61 40 60 2.50 5.3
M01
Bouldery, Coarsely Grey- 
Orange Mottled Mass
43 21 52 2.50 4.5
* W^ = liquid limit % < 2y = clay content
1 = plasticity index S.G. = specific gravity
P H ....p = acidity
Source: Author's Data
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Grouping by profile characteristics would gather together:
i) 2 Type M deposits - BP6, BP7, A10
ii) 3 unmottled, red-brown, structureless deposits - BP4, BP5, A8.
iii) 2 poorly mottled stoney deposits - M02, M03.
iv) I coarsely orange-grey irregularly mottled, very bouldery 
mass - M01.
v) I grey unmottled deposit - A9.
Clustering was based on five measures - liquid limit, plasticity 
index, clay content, specific gravity and pH - using both correlation 
coefficients and distance measures for standardised and for 
unstandardised variables.^ Although the first three measures are not 
independent, they do not vary together in close relationship and all 
are important indicators of soil behaviour. Specific gravity and pH 
were included as, respectively, a summary index of soil texture and 
a rough indicator of leaching. Five groups were defined (Fig. 3:4, 
Table 3:6).
Three of the clustering processes - by correlation coefficients
2and by distance for standardised data - gave the same grouping 
(Fig. 3:4a) but clustering by distance of unstandardised data 
yielded a different result (Fig. 3:4b). Both groupings, though 
quite different except in isolating the bouldery MOI, have some 
Correspondence to profile characteristics (Table 3:6). But in both 
clusterings, one group - different in each case - contains soils 
without common profile characteristics. For example the clustering I.
I. Programme kindly supplied by Mr. M. Mitchie, Department of 
Geology, University of Wollongong. It should be noted that 
the number of samples is low and firm conclusions from the 
cluster are difficult to make.
2 . r = distance, on standardised data.
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described in Fig.3:4a and Table 3:4a gathers together in a single 
class an unmottled deposit from Mt. Ousley, the red clayey mass 
shown in Plate 7 t slip clay and the white mottle of a Type M 
deposit.
The difference between the two clustering processes again 
demonstrates the overlap of textural ard plasticity properties 
between profiles of quite distinct appearance. Clearly grouping by 
these properties and mapping of the resultant groups could only be 
achieved usefully by an extensive programme of sampling and analysis 
on a grid fine enough to detect the significant changes that can 
occur over short distances, for example on Mt. Ousley Road.
Variability between masses in relation to their origin 1
The detailed analyses of the taluvium along these three transects 
again refute Hanlon's contention that the taluvium reflects the 
nature of the underlying bedrock. Rather than showing consistent 
changes in properties and mineralogy as the underlying lithology 
varies, the characteristics of the deposits vary across particular 
strata.
1. At Mt. Ousley Road, both MOI and M03 overlie the Wongawilli Seam; 
yet MOI has many rounded Narrabeen sandstone boulders set in a 
clayey matrix, whereas M03 has fewer and angular Hawkesbury 
Sandstone boulders set in a less clayey matrix. Again A9, from
a movement actively eroding the Wombarra Claystone bench, appears 
to have incorporated weathered Claystone and has a very high 
illite content, but BP5 resting on the same bench has no illite.
2. The two downs lope transects at Bulli Pass and Austinmer show no 
evidence of increasing incorporation of weathered bedrock towards 
the foot of the escarpment. Though A9 appears to have a high 
proportion of weathered bedrock, this material is sloughing into
TABLE 3:7 RANGES OF SOIL PROPERTIES IN DEPOSITS AT MT. OUSLEY
BULLI HEIGHTS AND AUSTINMER









Mt. Ousley Road 12 42-74 23-51 37-55
Cope Place 4 50-82 31-52 41-65
Buttenshaw Drive 8 57-66 33-52 43-67
Source: author's data.
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a stream and will be transported out onto the coastal plain.
It is not part of a mass movement progressively slipping 
downslope, and the Type M mass - AIO - below the bench has not 
incorporated much weathered Womba.rra Claystone. In fact it has 
a low illite and mixed layer clay content and the many Hawkesbury 
Sandstone boulders in a sandy and kaolinitic matrix suggest it 
originated from strata outcropping high up on the escarpment.
At Bulli Pass, the lower masses - BP6, BP7 - have higher 
clay and kaolinite contents than the deposits on the bench 
above - BP4, BP5. However the increase is probably not due 
to incorporation of weathered bedrock during downslope move­
ment, as such a process would have greatly increased their 
illite/mixed-layer content rather than their kaolinite 
content.
3. The clays from the bouldery, coarsely mottled Type M deposits 
at Austinmer - AIO, II, 12 - all contained highly degraded or 
disordered illitic material with broad peaks expanding to I5-I6A0 
when glycolated. This suggests a longer period of weathering 
than for the other deposits, and is compatible with a greater 
age for the Type M than the Type U deposits.
Variability within taluvial masses
Given the turbulent mode of deposition of both the Type M and 
the Type U deposits, it is not surprising that the properties of the 
debris are as variable within deposits as between them. The values of 
liquid limit, plasticity index and clay content for the multiple 
samples taken at Mt. Ousley, Cope Place and Buttenshaw Drive have 
wide ranges at each site, and substantially overlap between them 
(Table 3:7). In fact, using both clay content and plasticity index 
as criteria, all samples from the 3 sites must be considered
TABLE 3:8 TEXTURE AND IRON OXIDE CONTENT OF MOTTLES, LONG PT.
AUSTINMER.
Colour % clay % med.-coarse 
sand
% iron as 
Fe2°3
Top of upper deposit
Diffuse, fine mottling 27 55 1.6
Grey 36 16 1.2
Red 22 39 5.9
Brown 20 47 7.7
Grey 60 10 0.2
Brown 14 57 26 8.6
Grey 33 0.3
Contact between 2 deposits
Red 30 32 5.9
Grey 32 30 0.3
Grey 32 32 0.3
Red 24 45 6.8
Base of lower deposit
Mean for red, brown 22 44 7.0
Mean for light grey 39 23 0.5
(Means exclude top mottled sample)
(Source: author’s data)
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C oi = 0.05, Appendix 7) to come from the same population. Despite 
their wide separation and differences in topographic position and 
profile type, there is as much variatizm of the above properties 
within these three deposits as there is between them.
Homogeneity in the Type M deposits
Although the clay contents and other physical properties vary 
both within and between individual Type M deposits, these masses 
have - by definition - a uniform appearance. The coarse, tubulic, 
red-white mottling which characterises them however does not only 
involve differentiation of colour, but also a consistent differ­
entiation of texture and of iron oxide content.
The red mottles are consistently higher in coarse-medium sand 
fraction, lower in clay content and higher in total iron oxide. Much 
of the sand in the red mottles appears to be cemented or coated by 
iron oxides, but iron has been almost completely leached from the 
finer-grained white mottles. X-ray diffraction of the red and 
bleached material from Long Pt, Austinmer (samples II and 12, PlatelO) 
suggested a difference in clay mineralogy but this was not confirmed 
when tested at 3 other sites (Clowes Park at Austinmer, Alanson Ave. 
in Bulli, Princes Highway below Mt. Ousley). However analyses of 
material from Long Pt clearly show the differences in texture and 
total iron (as F^O^) between the differently coloured parts, even 
across two quite separate deposits (Table 3:8; see Chapter 2 
especially Table 2: 1).
No satisfactory explanation can be offered for the development 
of this textural differentiation but it was observed at all Type M 
sites. It appears to be controlled by channelling of water down 
through the deposit, and interference to the pattern can be clearly 
seen around large boulders. The effect of obstructions to flow is
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particularly clear at the 2 nearly-adjacent sites on Bulli Pass 
(BP6 and BP7, Plates 12 and 13). These 2 deposits are alike in 
clay content, mineralogy and Atterberg limits. But BP7, the lower 
mass, has coarse tubulic mottling with vertical bands 80-100 mm 
wide, whereas BP6 has finer mottling with streaks of bleached clay 
10-20 mm wide separating iron-rich bands 30-40 mm wide. The finer 
mottling in the higher deposit is clearly produced by channelling of 
flow around the numerous rounded siliceous pebbles in BP6 (29% of 
the matrix in .2-2 mm fraction), a feature not present in BP7 (9-2% 
in .2-2 mm fraction).
The differentiation obviously results from pedogenic processes, 
rather than being a depositional feature , and the mottles extend 
right to the base of the deposits (often 5-6 m below the surface) 
from within about I m from the ground surface. Thus since their 
deposition, the masses have been sufficiently stable for soil­
forming processes to develop this marked differentiation throughout 
the subsolum* (cf Butler 1967).
Variability within the deposits with depth
As stated above, the differentiation of colour and texture in 
Type M masses extends throughout the depth of the deposit, although I.
I. Van Dijk (1969) emphasised that regional correlations of slope 
deposits should be based on characteristics of the 'subsolum'.
The top 1-2 m of deposit is usually described for the soil 
profile and any deeper material classed as the C horizon. However 
this deeper 'subsolum', which is affected by throughflow and water 
table changes, may have common mottling patterns despite different 
soil profiles occurring above it.
T A B L E  3 : 9
VARIATIONS IN MATRIX PROPERTIES WITH DEPTH
Site Depth Texture WL WP L.S. 1P
Bulli Pass* 30 cm 27% < 0.014 mm 24 17 4 7
Slip 1 80 cm 56% < 0.014 mm 66 21 14 39
140 cm 60% < 0.014 mm 62 20 17 42
Bulli Pass** 
Slip 2 
Top of hill 
Moving Material 





















Woonona*** 4 ft 78 33 13 45
7 ft 43 26 17 17
8 ft 56 30 15 26
Woonona*** 3 ft 53 16 37
7 ft 42 15 27




Gordijew § Malone (1952)
Gordijew £ Malone and own analysis 
Private reports
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when bulk samples are taken (as, for example, at Cope Place) then 
texture and plasticity vary widely within the deposit. The Type U 
masses, despite their wide range of profile types, are rarely more 
than 3-4 m deep. Long or deep exposures are not found, because the 
deposits generally have structureless soils that are not stable in 
high cut faces. The limited data available in private unpublished 
reports indicate that texture and Atterberg limits do not vary 
systematically with depth (Table 3:9), and the site of a major 
failure at Buttenshaw Drive, Austinmer (see Chapter 8) was cored at 
3 places to sound rock, to provide data on changes with depth in the 
Type U taluvium at the site. Unfortunately some of the land was 
artificially filled and the taluvium was less than 3 m thick.
(Beyond this was some 5-7 m of clayey highly weathered in-situ 
residual material from the Wombarra Claystone.) Thus no meaningful 
determinations of changes with depth could be made, but it seems that 
in both Type M and Type U deposits, the properties are variable with 
depth as well as across the deposits.
Physical Properties of the Taluvium as Indicators of Shear Strength 
The physical and mineralogical properties of the taluvium are 
important in determining its stability, as well as its origin and 
possible classification. As described in Chapter I, the shear strength 
of a slope material depends on interlocking and friction between grains 
and physicochemical cohesion, and is affected by the development of 
porewater pressures. Hence soils of similar texture, clay mineralogy 
and permeability can be expected to have similar engineering 
behaviour. Clayey soils, such as the Illawarra taluvium are in fact 
generally classified for engineering purposes by the relationship 
between their clay content and their plasticity, as shown on a 
plasticity chart (Fig.3:Ia).
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The matrices of the taluvial deposits lie closely above the 
'A-line' which separates predominantly clayey soils from pre­
dominantly silt) soils (Fig.3:Ib). Warkentin (1972) notes that 
such soils usually conform to general relationships between grain 
size and other properties such as permeability, and in particular, 
he emphasises the close positive correlation between clay content 
and liquid limit. Though consistently positive however, the slope 
of the regression line between these properties is extremely 
variable (Fig.3:5). Moreover (see Table in Wonnacott and Wonnacott 
1969 p.275) the confidence limits for the correlation coefficients given 
by Warkentin are quite broad":-
1) for r = 0.82, n = 19, 95% confidence limits are 0.58 - 0.93
2) for r = 0.90, n = 22, 95% confidence limits are 0.75 - 0.95
3) for r = 0.71, n = 472, 95% confidence limits are 0.65 - 0.74
For the very variable Illawarra taluvium, there is considerable
scatter about the regression line which 'explains' only 46% of the 
variation (see Fig.3:5). Warkentin suggests that such scatter is due 
partly to differences in clay mineralogy, and for any clay content, 
soils containing expansive clays generally have relatively high 
liquid limits and plasticity indices. In this study however, the 
data for the 12 transect samples showed no clear relationship between 
the percentage of expansive degraded illite (or mixed-layer clay) and 
either plasticity index or linear shrinkage (Fig.3:6). The poor 
correlations may result from many factors - differing expansiveness 
with greater or lesser leaching of potassium ions from the illite, 
differences in the cations in the soil water, differences in the 
sizes of clay particles - but emphasise the complexity of the inter­
relationships between soil behaviour, mineralogy, texture and chemistry. 1
1. Confidence limits calculated by this author. Unfortunately values for 
the slope of the regression lines for the correlations cited by Warkentin 
are not given in his paper
Shear Stre n gth  Relationships








Terzaghi & Peck 1967
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Correlation of Index Properties with Angle of Shearing Resistance
Even though the index properties of the soil, such as plasticity 
index, vary so complexly, general relationships have been established 
between them and the angles of shearing resistance (0).
These general relationships have been used to estimate 0 for 
the Illawarra taluvium because facilities for determining it 
experimentally were very limited and did not permit porewater 
pressure measurement during testing.
Angle of shearing resistance and texture
Soils with a high clay content are plastic over a wide range of 
moisture contents, that is, they have high plasticity indices and may 
have high values of cohesion. However their 0 values are low 
because the clay platelets do not readily interlock and there may 
even be interparticle repulsion. The decline of the residual angle 
of shearing resistance with increasing clay content was graphed by 
Skempton (1964, quoted in Carson § Kirkby 1972, p.94) (Fig.3:7a), for 
some British soils, and the relationship has been found generally 
applicable elsewhere.
Angle of shearing resistance and plasticity index
Because soils with high clay contents have high plasticity 
indices, the decrease in 0 with increasing clay content is echoed 
by a fall in 0 with increasing plasticity. Terzaghi and Peck 
(1967, p .II2) show this decline for the peak drained angle of 
shearing resistance, 0^, when cohesion is zero (Fig.3:7b). However 
they note (Terzaghi and Peck 1967, p.II2) that 'the scattering from 
the curve may be of the order of 5°....(and) the statistical 
relation....should be used with caution'.
More recently, Kanji (1974) has published curves relating 
plasticity index not only to peak drained values of 0 but also to
T A B L E  3 : 1 0
RESIDUAL ANGLES OF SHEARING RESISTANCE (0 ) OF CLAY MINERALS
(from Deere and Patton 1971) 
(and Carson and Kirkby 1971)




H ü t e ON nT o Remouldedor—<r-H Remoulded
Na-hydrous mica 16-26° 100% < 2\x
K-hydrous mica 21-25° 100% < 2]i
Ca-hydrous mica 24-25° 100% < 2vi
Montmorillonite 4-11°
Ca-Montmorillonite t—• o o 100% < 2y
Na-Montmorillonite 4-10° 100% < 2vi
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residual values (0^). The scatter about the curves is given only 
for Ip versus 0 , where it is very slight (Fig.3:7c).
Plasticity index was also related to the consolidated 
undrained value of 0 in early work by Skempton (1957) but this 
graph is not shown here as its validity has been seriously 
challenged by Bishop (1966) and Sridharan and Rao (1973).
Angle of shearing resistance and clay mineralogy *1
The difference in bond strength and the ease with which water 
can penetrate the molecules is reflected in the properties of the 
clays (Table 3:10). Well crystallised illite (described as hydrous 
mica) and kaolinite have high residual values of 0 but illite from 
soils, being more degraded, has a much lower value. MontmorilIonite, 
which also has a low value, has a basic 2:1 structure but variable 
composition and is a very expansive clay. Its 0 value is corres­
pondingly low.
Unfortunately there is little quantitative information available 
for clays of mixed mineralogy but there is some evidence that the 
effect of highly expansive clays is diminished in the presence of 
non-expansive clays.
Estimation of Angle of Shearing Resistance for the Taluvium
The clay contents of the taluvium ranged from 28-68% and the 
plasticity indices from 14-52%. From the above relationships, these 
give the following estimates of 0:
1) peak drained value of 0 (0̂ ) 25-32° (Terzaghi and Peck 1967)
2) residual value of 0 (0̂ ) 10-28° (Skempton 1964)
3) residual value of 0 (0p 8-14° (Kanji 1974)
The estimated range for 0^ agrees well with the peak values 
determined for the taluvium at Thirroul and Coalcliff (Table 3:11). 
Unfortunately no residual values of 0 for the taluvium were
TABLE 3:11

















50 25 50 160 p.s.f. 20° 16°










(1,2) Hutchinson 1967 and Skempton 1964 quoted in Carson and Kirkby
1972, p.170 and p.93
(3) D*Appolonia et. al., 1967
(4) Hamel and Flint 1972 - this "colluvium” is sandier but very like
the taluvium of the study area - "a heterogeneous mixture of 
angular, gravel to boulder size sandstone fragments with variable 
amounts of sand, silt and clay" and its shear zone contains 
quartz, kaolinite, illite and expandable clays. (Hamel and Flint 
1972, p.172, 174).
(5) Data for Wollongong taluvium by kind permission of Longworth and 
McKenzie Pty. Ltd.
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avail able to this author, but data for other soils with similar 
index properties suggest that a value at the lower end of the 
range estimated from Skempton’s (1964) graph may be appropriate 
(see Table 3:11).
Values for peak 0 of 25-30° and residual 0 of 10-15° are 
compatible with slope angles observed in the field. The high peak 
0 and cohesion intercept (Table 3:11) explain the short term 
stability of steep slopes in the taluvium. Many excavations 
have stood in near-vertical faces several metres high for some 
years before shallow failures have occurred, and Bowman (1972) lists 
several unstable taluvial slopes at 25° or more.
In the long-term however, the maximum stable angle is control­
led by the residual rather than the peak angle of shearing resist­
ance, and cohesion may reduce to near zero (see Chapter I). Carson 
and Kirkby (1972, p.I84) suggest that the maximum stable angle - 
and thus the modal slope in the landscape - for clay soils is often 
8-11°, and in Chapter 2 it was shown that the maximum angle at which 
taluvial slopes at Thirroul and Coalcliff are stable in the long 
term is about 10°. If, following Carson (1969, 1971), we assume the 
fairly simple but often realistic case of a taluvial mantle of 
uniform depth, with the water table at the surface and flow parallel 
to the surface, then the theoretical angle at which the mantle is 
stable in the long-term can be deduced. The equation for the factor 
of safety for a mantle of uniform depth and groundwater conditions 
as given above is:
2C' + z cos 3 ( y - y w) tan 0 ’
F =




Taking y = 1920kg/m^ 
15°, this equation may be 
Thus:
C ’ = cohesion
3 = slope angle
0’ = angle of shearing resistance
Y = unit weight of the soil
Yw = unit weight of water
Z = depth of the mantle
and assuming C^'O and 0^’ = 10° and
solved for 3 when F = 1.
tan 3 = ( y- y ) tan 0 '1 ŵ  r
Y
The slope angle, 3, is then estimated to be 7°30' if 0^’ = 15° and
5° if 0^' = 10°. This maximum stable angle would of course increase
if the water table were permanently lowered below the ground surface,
and decline if artesian pressure developed in the slope.
These results suggest that the angle at which the taluvium is
stable in the long term does not exceed 10°. The correspondence of
this calculated range and the angles suggested in Chapter 2 is not of
course conclusive evidence that the estimates of 0 at 10-15° arer
valid. Nevertheless the similarity of results obtained by two 
distinct approaches - comparison of slope angles in the field in 
Chapter 2 and estimation from taluvial properties here - suggest that 
the estimate of the maximum long-term stable slope on the taluvium 
as 10-12° may be useful as a first approximation to be further tested. 
Summary of Conclusions 1
1. The taluvium is derived largely from the sandstones and clay- 
stones of the Triassic strata outcropping on the escarpment.
It is thus comprised of large boulders of quartzose sandstone 
and a sandy clay matrix in which kaolinite and illitic clays
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predominate.
2. The matrix does not show systematic changes in composition 
downslope, and has not generally incorporated appreciable 
weathered bedrock since its initial deposition.
3. Rather, its composition is extremely variable, with no 
significant differences between the Type M and Type U masses 
in clay content of total samples. Variability of clay content 
and plasticity index is as great within masses as between them, 
and no consistent changes with depth occur in the profiles.
4. However the Type M deposits show some internal order, with 
red mottles being consistently sandier and higher in iron 
oxide than the bleached mottles.
5. Despite their variability all deposits tested may be 
classified as clays of medium-high plasticity. They show the 
expected positive relationships between liquid limit and clay 
content and between plasticity index and clay content, but the 
influence of clay mineralogy on these variables is not clear.
6. Comparison of the physical properties of the taluvium with 
published relationships suggests that it has a peak angle of 
shearing resistance of 25-30° and a residual angle of 10-15 . 
This latter value supports the conclusion from Chapter 2 that 
the taluvium is not stable, in the long term, at slopes 
exceeding 10°.
However as Carson and Kirkby (1972, p.I84) stress, ’the range 
of different types of soil along with the multitude of different 
groundwater patterns and thus pore pressure patterns, make any 
angle of limiting slope possible. Thus, as heavy rainfalls 
frequently trigger instability by raising porewater pressure, 
an understanding of the distribution of rainfall over the study
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THE RELATIONSHIP OF RAINFALL TO LANDSLIP
Prolonged or intense rainfalls are the most common trigger of 
mass movements urder widely differing climates - the humid tropics 
(Wentworth 1943, Bik 1967, de Meis and da Silva 1968), temperate 
regions (Sharpe 1938, Johnson 1965, Peck 1967, Zaruba § Mend 1969, 
Alfors et al 1973), arid areas (Blackwelder 1928) and high mountains 
(Howe 1909, Davies 1972). Even where porewater pressures have been 
gradually rising in a cut slope, long-term failures are usually 
triggered by heavy storms (Vaughan § Walbancke 1973, Chandler 1974), 
and variations in precipitation are unimportant to slope instability 
only in exceptional failures where porewater pressures are con­
stantly high (for example the Slumgullion flow which maintains a 
steady rate of flow despite rainfall fluctuations - Crandell and 
Varnes 1961) .
Both Hanlon (1958) and Bowman (1972) have noted the co-incidence 
of landslip and heavy rainfall in the Illawarra, and Bowman suggested 
that 350 mm (I4M) in any month would initiate some slip damage and 
430 mm (17") catastrophic damage. These estimates were based on 
limited data - the movements at Thirroul Public School between 1950 
and 1970 - and do not take into account the great variations in 
rainfall over the area. Nevertheless they were the first attempt to 
relate rainfall and landslip quantitatively, and indeed the scarcity 
of reliable data about the times when landslips in the area have begun 
makes the task of relating damage to specific rainfalls very 
difficult.
Records of Landslip in Wollongong
ft<
It has not been possible to compile a complete register of
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landslip in the Wollongong area, even for recent years. Many of the 
movements have occurred in still-forested areas and not been reported 
to Council or newspapers. Though these can be seen on aerial 
photographs (Fig. 2:5) their time of failure is not known. Other 
failures in urban areas have not been reported'*' because they have 
not caused serious damage, because the homeowner feared loss of 
value on his property or invasion of his privacy by curious sight­
seers, or simply because there was no advantage since compensation 
has not been available.
Hence, to supplement the limited period of observation by the 
author (mid 1972-1975) and the records made available by Wollongong 
City Council, back-copies of the local newspaper - the Illawarra 
Daily Mercury - were scanned for all months when rainfall exceeded 
250 mm (IOOOpts.) at any station in the Illawarra. A full listing 
of landslip reported in the I.D.M. is given in Appendix 2.
Although these three sources - the Council and Mercury records, and 
personal observation - do not provide a complete register, they are 
sufficiently comprehensive to allow meaningful comparison with rain­
fall data. I.
I. For example a major failure north of Bulli Pass in 1950 or
1954 was reported to the author independently by a resident and 
a former resident of Lachlan St., Thirroul. This failure 
removed half the foundations of a house under construction, 
damaged the laundry of another house and disrupted paddocks.
No record of this failure was found, nor is it apparent on the 
aerial photographs, but the scar is still easily discernible 
between Lachlan and George Streets.
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Rainfall Data for the Illawarra
Good coverage of the Illawarra by reliable rainfall data is avail 
able, as records for 48 stations are held by the Sydney Office of the 
Bureau of Meteorology (Appendix 8). 21 of these have short or ir­
regular records, but can be used to estimate the pattern between 
longer record stations. At one station (68018 Cordeaux Dam No.I) the 
rainfalls recorded are so different to those of nearby stations that 
they seem to be distorted by local effects, and its records have not 
been included in the analyses.
The following analyses thus rely largely on the remaining, long- 
record stations, and two stations in particular have been used - Mt. 
Keira Scout Camp and Albion Park. The Scout Camp (68086), at 290 m 
above sea level on the southern flank of Mt. Keira, has consistently 
recorded the maximum falls for the area, since its establishment in 
1944. It has been used in preference to the also very wet and longer 
period station of Mt. Pleasant (68046; 1907-1964) because its record 
is still current. Albion Park (68000), to the south of the study area 
was used instead of Wollongong Post Office (68069; 1870-1953) for the 
same reason. During their periods of overlap the patterns of annual 
rainfalls for Albion Park and Wollongong Post Office (1890-1953), and 
for Mt. Keira Scout Camp and Mt. Pleasant (1944-1964) are very similar 
The Association between Landslip and Heavy Rainfall
The annual rainfalls in the 85 years from 1890 to 1974 are shown 
on Fig. 4:1 with the number of known locations of landslips'*' active in I.
I. The number of reports of landslips exceeds this number because
the progress of a failure is often recorded several times. Many 
of the failures recorded disrupted several houses and/or sections 
of transport routes tens of metres long.
A n n u a l  R a in fa ll and Reported F i g .  4  1 r
W W'gong PO rainfall  when Albion Pk data incomplete
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each of those years. Before 1950, perhaps due to the paucity of 
reports, there is little apparent association between landslips and 
high annual rainfalls. However in 1950, the wettest year ever 
recorded in the Illawarra, the number of reported landslips reached 
a maximum and since then landslips have been most common in peak 
rainfall years. Unlike the pre-1950 reports, many of these land­
slips have affected not only roads and railways but also houses.
In 1950 3 houses in Wombarra and 2 near Coledale Hospital were 
evacuated (I.D.M. April 6;. see Hanlon 1958, p.4), and part of 
Thirroul Public School was so badly cracked that it was demolished 
(I.D.M. May 18; see also Adamson I960 and Bowman 1972 p.I80). Also 
in that year Wollongong Council received II reports of homes damaged 
by landslip - at Mt. Kembla, Mt. Ousley, Balgownie, Corrimal, Woonona, 
Bulli, Thirroul, Austinmer, Coledale and Wombarra (Bowman 1972 
p.I9I) - and some landslips began but only in later years caused 
major damage. After 1950 the Mercury reported damage (other than 
to transport lines):
- at Sea Foam Avenue near Thirroul Public School, where 4 
houses were demolished (November 25, 1959; see Bowman 1972)
- to water supply lines behind Mt. Nebo (November 20, 1961)
- on Lawrence Hargrave Drive at Wombarra (May 24, 1963)
- at Araulen Ave., Mt. Kembla (February 12, 1971)
- to many houses at least 6 of which were destroyed, during 
1974, at Asquith St.-FoothilIs Road in Austinmer, Stephen 
Drive in Woonona, George Ave. in Bulli and Morrison Ave. in 
Coledale.
This upsurge since 1950 in the number of reports of landslips 
affecting housing is probably due to two factors apart from frequent 
high rainfalls:
Annual Average Fig.4  2
Rainfall (mm) 1931*60
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1) as the city has expanded, more, and more expensive, houses 
have been built on the escarpment slopes near or in areas 
of known instability;
2) public awareness of natural hazards has grown and, in 
1973/4, reports of houses slipping in Sydney also, gave 
landslip greater 'news' value.
Nevertheless, several workers (see the review by Gentilli 
1972) have identified significant changes in Australian rainfalls 
over this time and Pittock (1975) , while disputing the stat­
istical validity of some of these apparent changes, agrees that 
rainfall has increased in 1946-1974 compared with I9I3-I945. Pickup 
(1976) has demonstrated a major increase in precipitation, after 
1948, which altered the hydrologic regime of the Cumberland Basin 
on the western outskirts of Sydney. Certainly at Albion Park (see 
Fig.4:1) since 1950 the years of above-median rainfall (1011 mm) 
have been considerably wetter than the peak years from 1890-1949.
It is very likely therefore that the increased number of reported 
landslips is directly related to the heavier rainfalls and reflects 
a genuine increase in landslip activity on the escarpment since 
1950.
Distribution of Rainfall in the Illawarra
High rainfalls are in fact spatially as well as historically 
associated with slope instability in northern Wollongong. Landslips 
are most frequent on the steep upper slopes of the escarpment 
especially where incompetent strata outcrop (Fig. 2:5) and this 
instability is exacerbated by higher rainfalls on these slopes.
The increase in precipitation up the escarpment is clear on Fig.4:2,






showing annual average rainfall1 for the standard period 1931-I960.
Rainfall peaks behind the crest of the escarpment and over the 
high ground near Robertson (see Fig.I:3), but is also high in the 
two amphitheatres east of the crest around Mt. Keira (Mt. Keira 
Scout Camp 1637 mm, Mt. Pleasant 1507 mm). From the crest, it 
declines rapidly to the northwest, with the decreasing elevation 
of the Nepean Ramp, and the rate of decline from Mt. Keira is 600 mm 
in 16 km (38 mm/km) . There is an even more rapid decline down the 
steep eastern face of the escarpment, with a drop of 460 mm over 
6.5 km from Mt. Keira to Smith's Hill (72 mm/km). Most of the 
coastal plain receives about 1100 mm/year, but where the plain 
narrows in the north falls rise to 1250-1400 mm/year.
This average pattern of high rainfall along the escarpment is 
valid also for peak wet years. All stations in the Illawarra recorded
I. For six stations with records that did not span the full 30 years -
Coledale, O'Briens Gap, Clifton, Mt. Keira Scout Camp, Unanderra
and Smith's Hill - values were estimated using the regression
of 1931-45 and 1946-60 averages on I93I-I960 averages for the
2twelve other stations (r 0.92, Appendix 9).
The standard period 1931-I960 was used to allow proper comparison 
of stations with differing periods of record. Another map show­
ing annual average rainfall for the Nepean catchment, including 
Cordeaux, Cataract and Avon Dams, was produced for the M.W.S.
£ D.B. (1968). No standard period was used and, though the 
pattern of rainfall was similar to that west of the scarp on 
Fig.4:2, the values given to individual stations differed un­
systematically by *700 mm. This emphasises the need to use a 
standard period comparison.
M onthly C lim a tic  A ve ra ge s at Fig 4 4  
Mt K e ira  and Albion Park
P R E C I P I T A T I O N  & E V A P O R A T I O N
Mi Keira
□ p , E
Albion Fk ■ p , E
T E M P E R A T U R E
Mi Keira Wollongong
TABLE 4:1 PRECIPITATION AND EVAPORATION IN THE ILLAWARRA
EVAPORATION (mm)
At 500 m, estim­
J F M A M J J A S 0 N D





1908-38 109 95 81 50 33 22 21 29 49 81 99 III
Cataract Res. , 
148 m, 2 
1888-1942




125 100 86 59 40 29 31 43 53 86 106 126




(1944-1972)  ̂ 181 241 200 156 131 200 72 96 74 129 164 164
Albion Park
(1892-1971)3 115 141 139 102 97 154 57 69 58 87 105 92
PRECIPITATION MINUS EVAPORATION (mm)
On the escarp- 68 143 110 96 82 173 45 61 26 61 76 64
ment (500 m)
On the plain -2 33 28 13 25 99 2 6 -16 -I 7 -18
(10 m)
1. Estimates calculated by Young (per.comm.1975) from Linacre’s 
(1967,1969) formulae










Bureau of Meteorology data
-88-
their maximum annual fall in 1950 and the isohyetal pattern for this 
year is shown on Fig.4:3. The only major difference from the average 
rainfall pattern is the dominance of Helensburgh with a massive 
registration of 3578 mm. In keeping with the high registrations in 
1950, the rainfall gradients steepened - to 73 mm/km down the Nepean 
Ramp and 96 mm/km down the face of the escarpment.
Towards the crest of the escarpment therefore, instability due 
to geological and topographic factors is worsened by higher rainfalls. 
Also, in very wet years this effect is increased not only by generally 
higher falls but also by steeper rainfall gradients. The effect of 
contrasts in rainfall on slope stability is further compounded by 
differences in evaporation rates, and thus in the water available 
for runoff and seepage, between the escarpment and the lowland.
The excess of rainfall over evaporation
A report to the Metropolitan Water Sewerage and Drainage Board 
(1968 p.77) suggested that annual evaporation (Australian Standard 
Tank) averages 1000 mm (40"), but figures from Cataract Reservoir 
and River show lower values of 784 mm just behind the escarpment and 
897 mm at a lower elevation (Table 4:1). Estimates of evaporation 
based on solar radiation, relative humidity and temperature (Table 
4:1), though they differ from the Tank values, also show higher 
evaporation close to sea level than on the escarpment.
Thus on the generally stable coastal plain, rainfall is low and 
evaporation high, relative to the frequently unstable escarpment 
slopes. In fact for 4 months of the year average evaporation exceeds 
average rainfall at Albion Park, but at Mt. Keira Scout Camp, there 
is a considerable excess of precipitation in all months (Fig.4:4).
The average annual amount of water available for runoff and





throughflow on the escarpment is 1000 mm, 55% of the average rain­
fall received. Though much of this runs off the slopes, it must 
exacerbate the already unstable situation on the escarpment.
Seasonal Variation in Landslip
Clearly, from Fig. 4:4, neither precipitation nor the excess of 
precipitation over evaporation are evenly distributed throughout the 
year. They peak in February-March and June, with November-January 
also being relatively wet. This seasonal variation is consistent 
throughout the Illawarra (Fig.4:5) and results from changes in the 
air masses dominating the region.
During the relatively dry period from July to October sub­
tropical continental air is dominant (50-70% frequency - Gentilli 
1972) over Wollongong. This air mass is stable and is often 
accompanied by strong, dry westerly winds. The preceding months,
May and June, are the time of greatest incursion of subpolar mari­
time air into southern Australia. Because this air is nearly 
saturated at low levels but tends to have an upper air inversion 
(Tweedie 1966), precipitation begins after only slight uplift but 
is not prolonged. Frontal or orographic uplift may however overcome 
the inversion, and induce heavy rainfall. In summer, when the anti­
cyclone belt has moved southwards, Pacific subtropical maritime air 
flows down from the northeast. It is warm, nearly saturated, and 
very unstable, and frontal uplift by subpolar maritime air in low 
pressure troughs can cause torrential rain.
As would be expected, the frequency of landslip reflects these 
seasonal changes and landslips are most common in the months of 
heaviest rainfall, and greatest difference between precipitation and 
evaporation. Of the slips reported in the ’Mercury' 72% began in 
the first 6 months of the year and another 11% in November-December.
TABLE 4:2 HEAVY MONTHLY RAINFALLS AND REPORTED LANDSLIPS 1879-1974
Rainfall No.months of No.months when No.of times slips
(mm) this rainfall^ slips reported^ have been reported'
in urban area
- 125 857 5 5
125-250 167 18 24
250-375 55 22 33
375-500 17 9 15
500-625 7 6 II
625-750 4 I 2
>750 I I 3
62 93
I. Monthly rainfalls recorded at Albion Park 1892-1974
and Wollongong Post Office (I879-I89I
2. Reports in Illawarra Daily Mercury 1879-1974;
Bowman 1972 p.I90; observations by author.
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February was the modal month, closely followed by March and May.
The movements at Thirroul Public School reported by Bowman (1972) 
and the failures studied in Part II of this thesis were also 
concentrated in the months of high rainfall.
’Critical* Monthly Rainfalls Likely to Cause Landslip
On the basis of the movements at Thirroul School, Bowman suggested 
that a monthly fall of 350 mm was the 'critical value» for initiation 
of major landslip and, certainly, landslip has been reported in about 
50% (9/17) of the months in which rainfall has exceeded 375 mm on the 
coastal plain since 1879 (Table 4:2). However failures have also 
occurred in 40% (22/55) of months which received 250-375 mm and at 
least 10% (18/167) of months which received 125-250 mm. Bearing in 
mind that many slips have not been reported and that Mercury records 
were not searched for months when less than 250 mm fell, the 350 mm 
critical value appears to be too high. Setting of any critical 
of course involves judgement concerning acceptable risk levels and 
assumes that a single figure will be valid for a wide range of 
conditions. Nevertheless, given the more comprehensive data in Table 
4:2, it appears that the 'critical value» for a monthly rainfall 
likely to initiate landslip should not be set higher than 250 mm. 
Probability of occurrence of heavy rainfalls
Given an estimated critical value, say 250 mm/month, it is 
important for planning and design purposes to know how frequently 
such a fall can be expected. Hence, the recorded monthly rainfalls 
for Albion Park (1892-1972) and Mt. Keira Scout Camp (1944-1972) 
were ranked and divided into percentiles.^ These data were already I.
I. Programme kindly written by Mr. P. Castle, Department of 
Mathematics, University of Wollongong.
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avail able for Helensburgh (1890-1965) (Bureau of Meteorology 1968) 
and results for the 3 stations are shown on Table 4:3. "Low" and 
"high" are, respectively, the lowest and highest falls recorded 
during the period analysed and ”50" represents the 50th percentile 
or median recorded fall.
Table 4:3 allows the probability of any monthly fall to be estimated, 
for the escarpment or the coastal plain stations. For example, 
for January in any year, there is 70% chance that the rainfall 
recorded will be 224 mm or lower; there is only a 30% chance that 
it will exceed 224 mm. These percentile data also re-emphasise the 
need to account for seasonal and spatial variations in precipitation.
Thus for the escarpment stations, there is at least a 10%
(though less than 30%) chance in each of 8 months in any year that 
rainfall will exceed 250 mm. On the coastal plain this probability 
is equalled only in 4 months - February, March, May and June. Of 
course in any one year, the "critical” rainfall may not be registered 
for any month, even on the escarpment; but even the higher 350 mm 
estimate has at least a 10% chance of occurrence at Mount Keira 
Scout Camp for 7 months of the year. The rainfalls likely to cause 
slip therefore would not be regarded as exceptional, but as a 
normal - albeit relatively infrequent - feature of the Illawarra's 
climate.
Probability of Occurrence of Heavy Daily Rainfalls
It is appropriate here to point out that variations in rainfall 
over the Illawarra appear to be generally ignored, yet they 
are vital to correct design of drainage to alleviate risk of slope
TABLE 4:4 INTENSE DAILY RAINFALLS IN THE ILLAWARRA
STATION DATE 24 HOURLY FALL
Cordeaux River 14-2-1898 573.5 mm
Broger’s Creek I3-I-I9II 529.1 mm
Mt. Pleasant 5-5-1925 510.5 mm
Broger's Creek 14-2-1898 509.3 mm
Viaduct Creek 15-3-1936 508.0 mm
Mt. Keira Scout Camp I0-3-I975 494.4 mm
Maddens Creek 13-1 — 1911 474.5 mm
Mt. Kembla I3-I-I9II 463.6 mm
Kembla Heights I3-I-I9II 443.5 mm
Foxground II-9-1950 432.8 mm
Source: Bureau of Meteorology
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failure. Such design depends on short period intensity 
values (24 hourly or less, in general) and of course the 
importance of very heavy short period storms in initiating 
landslip is well-documented.
C.L. So (1971), working in Hong Kong, mapped 702 land­
slides caused by a fall of 401 mm in 24 hours; Temple and Rapp 
(1972) recorded over 1000 slides after 100 mm fell in the 
Uluguru Mts. in Uganda; and Gifford (1953) described the catas­
trophic effects of a storm with a return period of 150 years.
For the relatively small area covered by this thesis, the author 
recorded 28 new landslides (mostly on the forested upper slopes) 
after 158 mm fell in 3 days at (Mt. Keira Scout Camp) from 10-12 
January 1974. Subsequent intense falls in 1974-5 have initiated 
relatively few slides but have reactivated and greatly worsened 
existing ones.
Design of stormwater drainage systems in the Wollongong area 
is generally based on the criteria set out in Australian Rainfall 
and Runoff (1958), and Bell (1964) presents isohyetal maps of 
rainfall intensity in N.S.W. derived from these criteria. These 
maps indicate that, on the escarpment, the expected 24 hour rainfall 
with a 2 year recurrence interval is 150 mm (6M) and with a 50 year 
recurrence interval is 375 mm (I5M) . No separate values are given 
for the coastal plain.
However data available from the Bureau of Meteorology suggests 
these figures may under-estimate the intensities received. Indeed,
9 of the 17 storms listed by the Bureau (1961) as 'heavy rainfalls' 
in N.S.W. occurred in the Illawarra (Table 4:4) and Jennings (1967) 
suggested that the maximum probable rainfall in 24 hours in any one 
year exceeds 100 mm (4").
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Following Bell (1964), an intense daily fall was defined for 
this thesis as equalling or exceeding 150 mm in 24 hours. Falls 
of this magnitude at Albion Park and Mt. Keira Scout Camp (1950­
1975) have been ranked and their recurrence interval (R.I.) cal­
culated as:
R.I. = n + X where n = no. of observations
r
r = rank.
These data then plotted on Gumbel Extreme Value Probability paper.^
The recurrence interval is the average time within which a particular 
rainfall can be expected to occur once.
In an analysis of similar data Dury (1964) suggested that very 
heavy falls (such as occurred in 1950 in the Illawarra) be excluded 
because they may have very long return periods, say 150 years, but 
just ’happen' to occur in the shorter period of record (80 years for 
Wollongong and Albion Park, 30 for the Scout Camp). Such a decision 
can only be arbitary and Dury's ’standardisation’ procedure was not 
followed. For annual data, there was in fact a good degree of 
fit to the Gumbel probability distribution, and a slightly less 
acceptable fit to a semi logarithmic distribution, but the 2 methods 
gave very similar predicted falls for particular recurrence 
intervals (see Appendix 10).
The estimates of 2 and 50 year recurrence interval daily falls given 
by Bell (1964) fit the curve for Albion Park (Fig.4:6). Again however, I.
I. Data for Albion Park provided by R.W. Young. This partial
analysis of data by recurrence interval was preferred to per­
centile analysis because the very large number of low falls were










FALLS AT MT. KEIRA SCOUT CAMP 
>I50mm
January 31 27 2 4-I51.1 (1949), 205 (1950) 
128, 231.1 (1967)
February 29 26 3 6-232.4 (1954), 157.7 (1955), 
167.6, 280.7 (1956) , 273.'3 
(1959), 167.7 (1973)
March 31 25 4 1-240.8 (1974)
Apri 1 28 12 3 4-168.4 (1950), 187.7 (1952) 
225.8 (1963), 312.2 (1969)
May 16 13 6 2-240 (1955), 188.5 (1948)
June 34 20 6 5-157.5 (1945), 202.2, 264.9 
(1952), 149.9 (1956) ,
236.2 (1964)
July 9 5 I I-I80.I (1959)
August 24 10 0 3-188 (1963), 215.4, 191.8(1974)
September II 7 0 0
October 30 13 I 1-362.7 (1959)
November 21 10 I 5-316.2, 387.1, 183.6 (1961) 
236.2 (1966), 250.7 (1969)
December 26 13 2 3-IS2.4 (1963), 224 (1970), 
176 (1971)
Tot ¿11 290 181 29 35
Source : Hat a from records held at the Camp by Mr. D. Walsh
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the falls recorded at Mount Keira Scout Camp far exceed those 
recorded on the coastal plain and the data derived by Bell (1964) 
are quite unacc9ptable. Rather, values of 230 mm (9")/day and 
550 mm (22”)/day, some 50% higher thai at Albion Park, are 
appropriate for the escarpment slopes, for 2 year and 50 year 
recurrence intervals.
Consistent also with the monthly patterns described earlier, 
these very heavy daily falls have been recorded mainly in the 
generally wet months of February, June and November (Table 4:5). 
These months also have many days of low intensity falls (<100mm) , 
so that an intense fall frequently occurs when the ground has been 
saturated by previous gentler rain.
Summary of Conclusions
1) Heavy and prolonged rainfalls have frequently triggered mass 
movements in the Illawarra, but incomplete data on the time 
of commencement of individual landslips makes precise com­
parison of rainfall and slip damage difficult.
2) During 1950, the Illawarra's maximum annual rainfall was 
recorded and monthly falls exceeded their median value in all 
months except December at Albion Park and Mt. Keira Scout Camp. 
This high rainfall triggered many damaging slides, and these 
affected housing as well as transport lines.
3) Since then, reports of landslip have been most frequent in 
peak rainfall years and, particularly in very wet months. A 
fall of 250 mm or more in any month is likely to cause 
appreciable damage by landslip, and this has over a 10'b chance 
of occurrence in 4 months of any year on the coastal plain and
8 months on the escarpment.
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4) The maximum probable 24-hour rainfall in any year is about 170 
mm on the escarpment, and on average once in 50 years intense 
falls of 387) mm/day on the plain and 550 mm on the escarpment 
can be expected. These intensities are comparable to those 
responsible for severe damage by landslip in tropical areas 
such as Hong Kong.
5) Heavy daily and monthly falls are most common in summer, autumn 
and early winter, with February and June often being particularly 
wet.
6) The upper slopes of the escarpment consistently receive higher 
daily, monthly and annual falls than stations on the coastal 
plain. Since evaporation is lower at the higher elevations, 
there is also more water available for runoff and throughflow 
on these upper slopes. This excess of water accentuates the 
instability of these slopes.
7) Thus there is a strong association in the Illawarra between 
landslips and heavy rainfalls, both historically and spatially.
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CHAPTER FIVE
URBAN DEVELOPMENT ON TALUVIAL SLOPES AND ITS EFFECT ON 
THEIR STABILITY
The Spread of Housing up the Escarpment and Its Association with 
Unstable Areas
The slopes of the Illawarra escarpment provide attractive sites 
for residential development. From them, houses set in quiet bushland 
may command views of the sea, the escarpment and the city. Particularly 
during the last twenty years therefore, as Wollongong’s population and 
the demand for housing have grown rapidly (see Robinson, in press) , new 
subdivisions have spread onto the taluvium-mantled hills lopes. The 
westward, ups lope expansion is clear on Fig. 5:1, where the western 
limits of housing at approximately ten-year intervals from 1951 to 
1972 are shown.
In 1951, few of the taluvium-mantled slopes were occupied by 
housing, other than those north of Austinmer. It is interesting that 
in the very wet year of 1950 - when widespread damage to housing was 
reported in the Illawarra Mercury for the first time since the paper 
began in the late 1870's - nearly all the failures reported in the 
Mercury (Appendix 2) and 40% of those reported to Council (Bowman 
1972,p.191) occurred in these far northern suburbs. Most of the move­
ments were failures of the cliff-hugging coast road or of railway 
cuttings, but several houses at Wombarra were destroyed. Local 
identities say that the Wombarra-Coledale area had long been known 
as a "greasyback", but that houses damaged prior to 1950 were just 
shacks that were simply rebuilt elsewhere. Certainly several small 
dwellings near Coledale that can be seen on the 1951 aerial photo­
graphs are no longer there by 1963 and appear to have been roughly- 
built squatter’s shacks.






1974 .Ü 1963 1951
Older areas east oi the railway & highway not shown
<$>
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During the twelve years from 1951 there was considerable urban 
infilling of already-subdivided areas on the coastal plain and lower 
slopes, for example at Tarrawanna-Mt. Ousley and Keiraville-Mt.
Keira. There was also considerable upslope expansion at Austinmer, 
Thirroul, Woonona, Corrimal and Mt. Ousley which pushed over the 
taluvium-covered benches and spurs and onto the steeper slopes 
fringing these.
By 1972 further expansion onto the taluvium had taken place, 
especially at Mt. Ousley-Balgownie and Thirroul-Austinmer. The sub­
divisions open by 1963 were mostly built out and their edges had 
been extended, often by several streets. Major extensions at 
Keiraville-Mt. Keira had spread up some very steep hillslopes but 
had only just reached the taluvial slopes. Since 1972, there has 
been further subdivision west of Balgownie and almost full occupation 
of the heights above Bulli and Thirroul. Yet comparison of Fig.5:I 
(the spread of housing between 1951 and 1972) with Fig.2:5 (the 
landslips identified from aerial photographs and other sources) 
shows that this movement of housing was partly into areas where 
many landslips had occurred.
On the 1951 aerial photographs there were nine major failures 
identifiable behind the urban area of Mt. Ousley. By 1963 sub­
division had extended upslope and houses had been built on one of 
the failures. The low level photography flown in 1966 revealed more, 
serious instability. Yet by 1972 most of these highly unstable 
hillslopes were covered in high quality, expensive housing. Slope 
failure since then has been associated mainly with the reactivation 
and extension of the landslides passing through Mt. Ousley Road 
(Amaral 1975). This area will be discussed further in Chapter 7.
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In other parts of the study area, housing is encroaching 
towards, rather than already occupying, sites which are naturally 
unstable. On the slopes behind Bulli and Woonona, there have been 
several failures in the built-up area and one of these - Cope 
Place - will be studied in detail later in Chapter 6 . Beyond these 
are major slides off the Scarborough Sandstone bench (above Gahan’s 
Road) and in 5 m of taluvium over the Sydney Subgroup (above National 
Avenue) as well as a number of shallow debris flows. The now 
extensive movements above Gahan's Road, (No.25 - 1951 - Fig.2:5), 
where debris flows and movement of joint blocks have disrupted the 
gently-sloping trend of the bench several hundred metres back from 
the bench rise, highlight the need for caution in the future develop­
ment of such sites.
Instability occurs in Austinmer and Coledale mainly along the 
Wombarra Claystone bench, several hundred metres above sea level.
This same stratum is responsible also for failures along the much 
lower coast road near Clifton (Hanlon 1958) but is elevated up the 
escarpment by the Scarborough Fault. It then continues to rise to the 
south, as do all the other strata, because of the northwesterly 
regional dip (see Fig. 1:2). Therefore, where housing extends up 
scarp in the southern suburbs of the study area, it approaches the 
particularly unstable strata at higher elevations on the escarpment. 
These middle slopes are dissected by many steep-sided streams and 
icu 1 ar 1 y where strata such as the Wombara Claystone or Sydney 
subgroup outcrop, potential instability is even greater than for 
similar geological settings in the north.
The Effects of Urbanisation on Slope Stability
It is clear from the preceding discussion and chapters that much 
of the slope instability in urban Wollongong, as Bowman (1972)
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emphasised, is due to naturally unstable topographic and geological 
conditions and triggered by heavy rainfalls. Nevertheless, as well as 
simply encroaching - apparently unaware of hazard - onto unstable 
areas, urban development can cause or aggravate slope failure. Lucid 
discussions of the effects of urbanisation are given by Leighton 
(1966 pp 157-169) and Terzaghi (1950), and clearly many of the 
factors influencing stability, listed in Chapter I, may be the 
result of urban construction.
In naturally unstable areas like the Illawarra it is however 
very difficult to quantify the influence of poor development 
techniques in causing failure. Their effects are usually very 
localised, and regional assessment along the lines used to describe 
the effects of geomorphology and rainfall in earlier chapters has 
not been possible. Nevertheless well-established engineering 
principles, as discussed as early as 1950 by Terzaghi, have been 
flouted frequently during the spread of Wollongong’s suburbs, and 
the following paragraphs discuss the ways in which construction of 
roads and buildings can trigger or worsen instability on the 
escarpment.
Increasing slope gradient by excavation
Oversteepening of slopes by excavation initiates slope failure 
in the study area more frequently than any other man-induced mechanism.
3
However, most of these failures are only small (<50 m ) shallow move­
ments off road and rail cuttings and are considered by the public 
authorities concerned to present only nuisance maintenance problems. 
Nevertheless of the ninety-five landslides reported in the Illawarra 
Mercury between 1879 and 1974, sixty-nine blocked major routes into 
the area, with batter failure being their most common cause. The 
usual ’remedy* for such failures is to remove the debris which has
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spilled over the carriageway, thereby off-loading the toes and 
allowing the movement to extend further. In the continuing failure 
of a taluvial batter on Mt. Ousley Road - from which sample M03 was taken 
no preventive measures have been taken and the disrupted area has spread 
well ups lope, below the overpass.
In contrast to these many minor failures, there are few major 
slides - other than at Cope Place in Bulli (see Bowman 1972) - of 
which oversteepening appears to have been the principal cause. At 
Dobinson Road in Mt. Ousley, a small roadside batter failure in 1973 
has developed into the toe of a major movement which has disrupted 
two building blocks; but the movement is obviously part of the very 
large failures that have disrupted Mt. Ousley Road above the 
blocks. Where hillsides have been excavated for construction and 
subsequently failed, the failure has often been due partly to 
inadequate drainage of the cut and damming of water behind the built 
structure, and not only to removal of support.
Removal of Support by Undermining
Coal mining from pitheads located along the outcrops of seams 
on the escarpment has been carried out since the late 1800's, and 
most of the settlement in the study area arose as separate mining 
villages. Where coal has been extracted from below built-up areas, 
these have been declared Mine Subsidence Districts and special 
building requirements are imposed in these districts. Although 
experience alsewhere shows the need for careful control of potential 
settling (Wood and Renfrey 1975), landslips in the Wollongong area 
can generally be explained without invoking mine subsidence as a 
major cause.
An unusually severe and rapid landslide which destroyed three 
homes and threatened several others in Morrison Ave. at Wombarra
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has been attributed by residents to undermining. The Mines 
Department contends that there has been no collapse of the workings 
and the movement was a long-term failure in deep taluvium. At 
present the case is being legally contested and no further comment 
is proper here.
Excessive loading of slopes
Although excessive loading may initiate slope instability, to 
the author's knowledge in Wollongong this has not been the case. 
Rather, loading of already unstable slopes has accentuated existing 
failures. When land fails, homeowners usually respond by filling 
in the dropped section in an attempt to restore the land to its 
former level. This simply worsens the slide, especially since 
permeable pit stone* is the usual fill and water can seep rapidly 
through the sliding mass. Nor is this practice confined to private 
individuals - the Department of Main Roads and City Council usually 
fill subsiding sections of road because such maintenance is more 
readily funded than expensive remedial works whose effectiveness it 
may be difficult to guarantee.
Alanson Ave. in Bulli provides an excellent example of poor 
fill placement. Bowman (1972, 1974) comments that an already unstable 
slope was loaded with fill to provide the base for an access road to 
a new subdivision. Stormwater drains were allowed to discharge 
directly into the fill. The road has dropped repeatedly since it 
was built and has been 'repaired' by further loading with pit stone 
(Plate 14).
Further along the Avenue, on the downs lope side, two houses were 
built and both these sites have slipped. The houses have however been I.
I. Coarse shale waste rejected from the coal washeries.
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protected by drainage and remedial works carried out by their 
owners. While digging rubble drains behind one of the houses, the 
author found that the material into which the foundations were set 
was loose and highly variable and contained decaying branches. It 
was, obviously, unsorted fill that had been dumped and levelled, 
but apparently not compacted, to provide the house site. The 
decaying branches allowed uneven settlement and also provided 
channels for the copious throughflow that seeps below the road from 
the steep northern side ups lope and emerges at approximately the level 
of the house's foundations. On this site therefore, failure was 
inevitable because a steep slope was loaded, the fill was not cor­
rectly sorted or placed and the throughflow was uncontrolled. In 
addition an absorption septic system was allowed, which added more 
water to the soil.
Shocks and vibrations
It is unlikely that shocks caused by blasting or traffic could 
initiate mass movements in Wollongong and no such instances have 
been documented. However where frequent heavy traffic passes at 
considerable speed over already-failed ground - as on Mt. Ousley,
Bulli Pass and the Coast Roads - movement of the ground may be 
quickened by repeated loading of the road pavement.
Clearing
On potentially unstable ground, landslip is generally more 
severe on cleared than on forested slopes (Gray 1970, Pitty 1971, 
Temple and Rapp 1972) . Swanson and Dyrness (1974) found that erosion 
due to landslip increased fivefold after forest clearcutting in 
unstable areas, but that in stable areas there was minimal increase. 
The effect of clearing is due largely to disruption of the soil 
moisture regime. Under forest cover some of the precipitation is
TABLE 5:1 WATER BALANCE FOR FORESTED CATCHMENTS NEAR LITHGOW, N.S.W.
Pine Forest Mixed Eucalyt Forest
% crown cover 63 43
% interception 19 II
% throughfall 81 89
In relation to throughfall:
% runoff 10 16
% change in soil
moisture I 4
% évapotranspiration 89 80
Source: calculated from data in Smith, Watson
and Pilgrim (1974)
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intercept ed by leaves and evaporated directly from them (Pitty 1971 
p.I53, Carson and Kirkby 1972 p.47). The remaining precipitation,
which passes through the canopy and is termed ’throughfal11, is 
either lost as runoff, evaporated or at sorbed into the soil. It is 
the proportion which infiltrates the soil that may cause high pore- 
water pressures unless it is removed by drainage or by évapotrans­
piration from plants. The importance cf trees in this latter 
process can be seen (Table 5:1) in the total water balance for 
forested catchments near Lithgow, in the western Blue Mountains of 
New South Wales (see Fig.I:I).
Under a mixed eucalypt forest, similar to that found in the 
study area, 11% of the total precipitation may be intercepted and 
never reach the soil, while 80% of the throughfal1 is returned to 
the atmosphere from the soil by évapotranspiration. Clearing 
allows greater throughfall and, although there is some increase 
in evaporation and runoff, much of this must increase soil 
moisture. Yet this greater soil moisture can no longer be removed 
as quickly or from the same depths as was previously achieved. 
Increased porewater pressures are an almost inevitable result.
In addition to causing these undesirable soil moisture 
changes, clearing decreases the binding effect of roots on the soil 
and Gray (1970) demonstrates that this effect far outweighs the 
detrimental surcharge of the trees’ weight.
The severity of landslip has certainly been accentuated by 
clearing along the southern end of Buttenshaw Drive at Austinmer 
because the bare ground was exposed to heavy and prolonged rainfalls. 
Here and at other sites, the roots of remaining trees have often 
been so disrupted by movement that these die off. Indeed lack of 
tree cover is often indicative of unstable ground.
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Soil cracking due to dehydration
Where land is cleared and left bare for long periods - as has 
been the case in recent subdivisions at Stanwell Park, Austinmer and 
Balgownie - the soils may crack deeply during dry spells because they 
contain expansive clays. These soils are highly expansive with 
linear shrinkage values of 15-20%. The cracking is detrimental 
because it creates discontinuities in the soil, decreasing
soil strength and providing channels for subsequent rainfall to 
penetrate quickly and deeply into the soil. Such cracking is 
generally irreversible but is only a minor contributing factor to 
instability.
Increased runoff and disruption of natural channels
In his thorough review of the hydrologic effects of urban land 
use, Leopold (1971) points out that impervious surfaces such as 
roads and roofs increase both the amount and rate of runoff from 
an urbanising area. Carter (1961) found that for Washington, flood 
peaks increased by a factor of K = (0.3 + 0.00451) + 0.3,where I is 
the impervious area as a percentage of basin area. Data in Leopold's 
(1971) article suggests that for blocks the size of those in the 
study area (6-9000 sq.ft. = 550-850 sq.m.), I could be 30-40% and 
use of these estimates gives a value of K between 1.45 and 1.6, 
that is, a 45-60% increase in peak runoff.
The peak is raised not just by lower infiltration but also by 
a reduced lag time, as runoff is more rapid from the impervious 
surfaces. Therefore, unless adequate clear drainage is available, 
excess runoff will quickly overtop natural channels and add to the 
burden of water on the slopes. If the slopes are unstable, the 
excessive water may initiate or accelerate failure. It may also
-105-
erode either the natural channels or the hi 11slope itself, and 
severe erosion as a result of this process has occurred at three 
sites in the study area. At Dobinson Road in Mt. Ousley, Cope 
Place in Bulli and Corrie Road in Woonona, erosion has removed 
support from an already unstable hillside and rapid movement has 
resulted.
The problem of disposing of runoff is worsened because there 
is no planning body with powers to control all aspects of develop­
ment. Drainage is established piecemeal with each subdivision and, 
as development extends upslope, the long-established downstream 
stormwater disposal channels may be rapidly overloaded. (Also, as 
pointed out in Chapter 4, intensities generally used in design of 
stormwater drainage underestimate the actual rainfalls received on 
the upper slopes.)
Increased soil water from household wastewater
Rainfall collected from roofs into downpipes is often allowed 
to discharge directly into the soil near a house rather than being 
directed through pipes or rubble drains to a stormwater channel 
(Plate 15) . Nor is other wastewater always directed into an integrated 
sewerage system. Although new subdivisions are required to have pump­
out septic or sewered systems, many areas of Wollongong are still 
serviced by absorption septic tanks or pan collection. The tanks 
create additional water flow through the soil, particularly if 
large capacity hot water tanks and automatic washing machines are 
installed in the homes. Bowman (1972) estimated that absorption 
tanks add some 13 mm/month to the soil, over and above the monthly 
rainfall. As average monthly falls range from 70-240 mm on the scarp 
(Mt. Keira Scout Camp) and 60-125 mm on the plain (Albion Park), 
this represents an appreciable increase.
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Several of the major failures in the study area have begun near 
septic tanks - at George Ave. and Alanson Ave. in Bulli and north of 
Buttenshaw Place. It is difficult, however, to assess the direct 
effect of the tanks as they are usually placed on the lower slopes of 
a block where seepage and the risk of failure are naturally greatest. 
In George Ave. the failures on the northern side of the road cut 
along the line of the septic tanks, and on the other side failure 
occurred at a similar level on the slope. On the southern side, 
however, sanitary disposal is by pan collection rather than absorption 
tanks. Nevertheless, as mentioned previously, other household 
effluent and roof water is discharged into the soil close to the 
houses,and this may have initiated the failures.
It is however difficult to calculate the rate of flow of water 
through the taluvium. As Richards (1974) points out, for a swelling 
soil, Darcy's Law is valid only relative to the moving particles and 
flow is also affected by gravity, surface loading and internal 
stresses. Estimates of the permeability coefficient should thus be 
determined experimentally, a task beyond the scope of this thesis. 
Nevertheless, the sandy clay taluvial matrix probably has a perme­
ability coefficient of only I0~ -10 mm/sec (Terzaghi and Peck 1967, 
p.55, Wilun and Starzewski 1972, p.85), and the limited data avail­
able’*' indicates that the water table rises rapidly to the surface of 
taluvial slopes during heavy rains. Thus, especially during heavy 
rainfalls, the soil has little capacity to absorb wastewater, 
especially when this comes from a concentrated source such as a pipe. I.
I. Data from holes drilled by the author - see Chapter 8 - and 




1. During the past 25 years the built-up area of Wollongong has 
expanded onto the middle slopes of the escarpment. These 
slopes are naturally unstable, and the damage to housing on 
them indicates that insufficient precautions were taken during 
development.
2. During urbanisation the shear stresses on slopes may be 
increased by excavating the toe of the slope, undermining the 
slope, loading the slope and causing shocks or vibrations. 
Excavating has caused many small failures, usually on transport 
lines, and loading has been important mainly on already 
marginally stable slopes. The other factors appear to have been 
of minor importance.
3. The most significant cause of slope instability is inadequate 
drainage. This problem has been exacerbated by uncontrolled 
clearing and exposure of bare ground, by increases in the area 
of impervious surfaces during development and by concentration 
of household wastewater in the soil. Clearly, as Geddes (1970, 
p.I27) commented for the South Wales valleys, 'the key to the 
problem of stability is patently the control of porewater 
pressure, seepage and the degree of saturation by drainage'.
4. Although the factors increasing shear stress or decreasing shear 
strength during urbanisation have been discussed individually
it is obvious that at any one site, several may be operating. 
Clearly too, they generally supplement natural instability rather 
than initiate failures. Even oversteepened cuttings do not fail 
until triggered by heavy rainfalls.
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Nevertheless in an area as naturally unstable as the Illawarra 
escarpment, all urban development should be designed to enhance slope 
stability and the possible adverse effects of construction must not 
be ignored as they have been in the past.
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PART II





Slope instability is - and apparently has been throughout recent 
geological time - a commonly occurring natural process on the Illawarra 
escarpment. The extensive dissected Type M deposits testify to a period 
when huge failures cast bouldery debris several kilometres from the 
cliff-line. The accumulations of smaller Type U deposits that blanket 
the upper and middle slopes indicate frequent, though less dramatic, 
movements since then.
In preceding Chapters, an areal approach has been taken, mapping the 
distribution of factors that contribute to slope instability. Clearly 
these factors often reinforce one another, especially on the middle slopes 
where steep topography, weak strata, intense rainfall and high runoff 
combine to produce unstable slopes. Yet it is onto these slopes that the 
urban area has expanded, with little heed being given to their marginal 
stability.
The results have been disastrous, at least ten houses being demolished 
and fifteen others relocated or severely damaged due to landslip in 
1972 - 1974. Most of this damage occurred during long periods
of heavy rain in the first half of 1974, when there was also severe 
disruption of roads down the escarpment. The publicity these disasters 
received increased public awareness of the problem but there is still 
great demand for housing on the slopes. As pointed out in Chapter 2, the 
Sydney Subgroup of the Coal Measures (and the Wombarra Claystone of the 
Narrabeen Group), and the taluvial mantles associated with them, are the 
least stable geological settings on the escarpment but they underlie 
many of the slopes onto which urban development is continuing to spread.
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It is important therefore that the processes influencing slope 
stability are well-understood so that areas suitable for development 
may be separated from those where risk of failure is unacceptably high. 
Bowman's (1972) mapping of zones of relative stability was a major 
advance in this direction, but more recent failures in apparently stable 
areas demonstrate the need for revision. The following three chapters 
present case studies of failures on the middle slopes of the escarpment. 
They aim to define the inter-relationships between factors causing 
instability at each site and to provide guidelines for recognition of 
unstable sites.
Chapter 6 deals with the continued development of a failure at 
Cope Place, Bulli, discussed by Bowman (1972). The slump occurred on 
a slope excavated during subdivision construction and involved both 
Sydney Subgroup strata and taluvium. It provides an excellent opportunity 
to study the long-term development of a slump out of a taluvium-covered 
Sydney Subgroup slope, at a site where access was unrestricted and the 
pattern of movements was not complicated by remedial works.
The following two case studies - Mt. Ousley Road, Chapter 7, and 
Buttenshaw Drive, Chapter 8 - deal with large complex failures on slopes 
where taluvium overlies weak strata. In both places there has been 
severe damage to private and public property; in both efforts to stop 
the movements have been largely unsuccessful. However, though the 
Mt. Ousley site was known to be unstable, Bowman (1972) marked most at 
Buttenshaw Drive as an area with no stability problems. In neither case 
can the extensive movements be attributed to urban interference. A 
better understanding of the natural factors causing failure clearly is 
necessary so that future damage in similar sites may be avoided.







COPE PLACE, BULLI HEIGHTS
The Cope Place subdivision lies about 10 km northeast of Mt. Keira 
and 1.5 km west of Bulli railway station and was completed early in 1966.
In late 1969 part of the cut road batter failed as a rotational slump 
(Bowman 1972 p.182). Bowman reported that the toe of the original 
slide had been removed and the footpath restored before May 1971, but 
since then the slide has progressed unchecked. No building had taken 
place in the subdivision before the failure and though several blocks 
carry 'For Sale' signs there are still no houses along the Place.
As Bowman (1972) pointed out, the failure was largely due to over­
steepening of the hillside during excavation along the roadway. However, 
probably because there are no houses and the Place is not a through-road 
used by other traffic, no remedial measures or clearing-away of debris 
have been undertaken after 1971. Cope Place therefore provided an excellent 
site to monitor the development of an initially small slump, uncomplicated 
by subsequent attempted remedial works. For this thesis, study at the 
site has been directed towards questions:
1. Was the failure due solely to urban development or were the slopes 
in the area previously at marginal stability?
2. How far has the affected area extended since 1971 and how severely 
has it been disrupted?
3. Has the relative importance of factors influencing the development 
of the slump changed over time?
Natural Stability of the Slopes
The subdivision lies below the broad benches and steep slopes 
associated, respectively^with the claystones and sandstones of the 
Narrabeen Group (Fig. 6:1). It is underlain by the upper Illawarra Coal 
Measures, downthrown to relatively low elevation by the Waniora Fault
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0.5 km. to the north, and the Wongawilli Coal outcrops on the road cutting 
at Cope Place. Unlike the Narrabeen Group strata, the Coal Measures are 
dissected and only narrow ridges remain between the many small streams.
It is along these ridges that recent urban expansion has occurred.
In general, Bowman (1972) considered the Coal Measure ridges at 
Bulli to be relatively stable (Fig. 6:2), recognising that the failures 
at Cope Place and at Alanson Avenue were both due to human error. South 
of Hospital Road, he marked as unstable (Zone 6) an area disrupted by 
deep-seated rotational landslides. This area had failed in 1950 (see 
Bowman 1972 p.191 - Dumbrell Road landslip) and in 1975 a proposal to 
build townhouses there was rejected after careful investigation, because 
of its dubious stability.
Inspection of the 1951 aerial photographs (scale 1:17,000) revealed 
no significant instability on the Coal Measure ridges though shallow 
slides off the Bulgo Sandstone were prominent. However, nine unstable 
areas were identified from the 1966 photographs (scale 1:8,000), all of 
which were taluvial slopes, (Fig. 6:3). Though the movements at Cope 
Place and Alanson Avenue may be due to poor development techniques, the 
ridges are obviously naturally unstable in many places. This instability 
is not surprising as the upper Coal Measures and the taluvium are generally 
stable in the long term only at low angles (10-15°) yet are cut in this 
area to angles often over 20° by the streams eroding their bases. Rainfall 
and runoff are also relatively high (See Fig. 4:2 ) and their effect is 
increased by the expansive clays in both the Coal Measures and the taluvium. 
Since 1966, and especially in 1974, movements along Alanson Avenue have 
worsened (Plate 14); more than five houses on George Avenue (marked as 
Zone 2) have failed; a major slump has developed in Stuart Place (Plate /t); 
and the failure at Cope Place has disrupted the hillside and roadway.
Cope Place Slum p 1971-6 Fig.6 4
1 9 7 1 - 2
10 m_ i
Contours ¡n m. above arbitary datum
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Movements at Cope Place
The rotational slump out of the excavated slope (see Fig. 6:4) was 
surveyed in May 1971 by Bowman (1972) and on seven occasions between 
October 1972 and February 1976 by the author. Unfortunately only four 
of Bowman’s survey pegs and one bench mark used by him could be located 
for these later surveys.
In 1971 the failure disturbed the slope mainly at the toe where it 
dislodged and elevated a few metres of kerbing (Fig. 6:4, Plate 17 ).
The slope failed where the excavation was highest and the movement cut 
across the slope, slightly oblique to the contours. By February 1976 
(see Fig. 6:4) the headscar had extended upslope about 3 m. and westward 
about 7 m., the kerbing had been pushed 3 m, across the road, and the 
head section was extensively cracked.
During its extension, the failure several times changed its pattern 
of movement (Fig. 6:5). Much of the retreat of the headscar and the 
thrust of the toe westwards occurred between 1971 and October 1972. 
Between October 1972 and March 1974 (Fig. 6:5, Plate 18) the
toe pushed forward across the road, sliding two pieces of kerbing along 
on their edges. Nevertheless the rigid roadway seemed to impede the 
slump's movement, because a mound of broken sandstone and shale was 
thrust up to a height of 1-2 m. beside the road. Heavy rainfalls then 
scoured narrow gullies up to 1 m. deep across this mound.
By May 1974 (Fig. 6:5, Plate 19 ) the slab of kerbing had toppled 
over, the mound had been lowered by erosion and by further movement 
downslope, the headscar had retreated 3-4 m. westward, and the head 
area was cracked and lowered. The main direction of movement had 
altered from northwards directly across the road to north-westwards down­
hill. Over the next seven months, erosion lowered the mound at the toe 
by 0.3-0.6 m. This was accompanied by severe cracking in the head
Movement of the Toe Area, Fig.6 5
Cope Place 1972-6
Oct 72 -  Mar 74
Light outlines show 
initial  positions of 
boundary and pegs; 
heavier l ines and 
heights refer to 
later positions.
TABLE 6:1
MOVEMENT OF SURVEY PEGS, COPE PLACE
Date of Survey
1 2
Height of Pegs above Datum (m)
tree 3 4
14.3.74 - 8.88 9.57 9.49 9.32
7.5.74 9.52 8.75 9.62 9.45 9.25
1.9.74 - 8.63 9.31 9.53 9.19
1.1.75 9.23 8,40 9.08? 9.24 8.97
8.2.76 9.05 8.30 9.31 9.12 8.78
Nett Drop > 0.53 0.58 0.26 0.37 0.54
Distance from Bench Mark (m)
14.3.74 — 35.3 24.1 20.5 17.1
7.5.74 41.0 35.3 24.8 20.4 16.6
1.9.74 - 35.1 23.6 21.6 16.7
1.1.75 42.2 35.1 23.3 20.3 16.7
8.2.76 40.0 34.8 23.3 19.7 16.2
Nett Movement 1 . 0 0.5 0.8 0.8 1.5
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section, with a major rift developing perpendicular (rather than parallel) 
to the head scar for the first time. Similar trends have continued 
since January 1975, with erosion maintaining the toe in a fairly constant 
position despite continued slumping and lowering of the head section.
Several of the pegs placed by Bowman were relocated in 1974. Their 
change of position between 1971 and 1976 (Fig. 6:4) emphasises the 
downslope and westward movement at the toe. However between 1974 and 
1976 the rotational movement of the slump appeared to hinge along the 
line of these pegs. They did not change horizontal position markedly 
between May 1974 and February 1976 (Fig. 6:5, Table 6:1). However the 
boundary which they marked between a grey shale layer and overlying 
taluvium became less clearly defined and the pegs dropped vertically.
On the margins of the slide, this drop has been consistent at each 
successive survey and totalled more than 0.5 m. (Table 6:1). At the 
centre, the mount on which the pegs were placed rose slightly in mid-1974 
but the overall drop was about 0.3 m.
From mid-1974 onwards there has also been erosion of the roadway 
downhill from the slump and up towards the end of the cul-de-sac. Water 
flowing from a creek at the end of the cul-de-sac has scoured a trench 
over 10 m. long, 1 m. wide and 1 m. deep, and exposed clayey fill beneath 
the road surface. Large blocks of concrete placed in the trench 
were rapidly washed out during subsequent storms. In addition, water 
flowing down the trench aas penetrated between the fill and the road 
surfacing, causing bubbling and buckling near the downhill edge of the 
slump. It is possible that blocking of stormwater drains in the slump 
area was a partial cause of the trenching.
Throughout the five-year period to 1976, the shape of the failure's 
boundary has been substantially unaltered. However the margins have 
extended by 3-7 m. beyond their 1971 positions and the pattern of move-









PROPERTIES OF BEDROCK AND TALUVIUM, COPE PLACE 
COAL MEASURES
Broken lithic sandstone - slake durability index 83% 
Poorly laminated greyshale - slake durability index 67.5%
Taluvium*
Description %>2mm %<.002mm W1
1. Red-yellow clay 19 65 82
2. Orange sandy clay 43 41 50
3. Black sandy topsoil 62 15 -
4. Mottled sandy clay 41 42 60
5. Mottled sandy clay 35 53 68








ment within the slide has altered to give several phases:
1. The initial failure from the highest point of the excavation.
2. Severe disruption of the toe, with movement directly across the 
road, and breaking of the head section into large blocks by scars 
generally parallelling the head scar.
3. A change of direction of thrust, downhill, and increasing importance 
of erosion of the broken material in the mound at the toe.
4. Extension of the headscar, and pronounced breaking and lowering of 
the head section into smaller blocks, with development of rifts 
roughly perpendicular to the head scar
Clearly failures like that at Cope Place may suddenly change their 
pattern or direction of movement even if unmodified by efforts to halt 
or mitigate their movement. It is surprising however that, unlike many 
similar movements of clayey material into stream channels, the slump has 
not disintegrated at the toe into a flowing slurry. To explain this, it 
is necessary to consider the characteristics of the materials involved. 
Properties of the Slope Materials
At Cope Place, as noted above, the Wongawilli Coal and associated 
strata are overlain by up to 3 m. of Type M taluvium (Fig. 6:6). The 
taluvium has fewer large boulders than most other Type M masses but 
its matrix properties are not unusual (Table 6:2). Only the rather 
high liquid limit and low coarse sand fraction of sample 1 suggests 
inclusion of some underlying weathered shale. Thus the taluvium is 
clayey, expansive and plastic and should be unstable at angles above 
10-15°. In this particular failure however these poor stability properties 
may be of little importance because the taluvium has moved largely as 
a cover on the failing bedrock below.
This bedrock comprises mainly shales and clayey friable sandstones. 
Surprisingly however weathering has not destroyed the fine bedding and
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close jointing pattern. In the material pushed up at the toe of the 
slump, individual fracture - bounded blocks and flakes of sandstone and 
shale remain intazt. The material’s strength appears therefore to 
depend not on cohesion and shearing resistance due to texture but on the 
strength available along its bedding and joint planes. To further examine 
this, the slake durabilities of the strata were tested. The slake 
durability index measures the disintegration of materials under standard 
cycles of wetting and drying, and is the percentage remaining of the 
original weight tested. Hence a high index indicates low susceptibility 
to physical weathering. The high indices for the strata at Cope Place - 
83.5% and 67.5% (Table 6:2) - confirm that the blocks of broken bedrock 
are cohesive and resistant to disintegration. At this site, the weakness 
of the Coal Measure strata seems due to their closely spaced ( < 20 cm. 
generally) system of joints and bedding planes rather than to their 
texture and plasticity.
Causes of Failure
Nevertheless both the Coal Measures and the taluvium at Cope Place 
are clearly unstable at the high angles to which the slope was cut. Their 
clayey texture also makes them prone to development of high porewater 
pressures due to seepage from the long hillslope above the cutting. Bowman 
(1972 p.182) points out that the slope was steepened at the base from 
21-26° to about 30°, but that failure was triggered by high rainfalls in 
1969.
In the period 1964-1968, during which the subdivision was made, 
rainfall in the Illawarra was quite low (see Fig. 4:1 ) but in 1969 it 
rose well above the median annual value. The average rainfall for the 
site is about 1,350 mm. (see Fig. 4:2 ) but in 1969 nearby Woonona 
received 1,572 mm., of which 366.5 mm. fell in November. At Mt. Keira 
Scout Camp, the November fall (516 mm.) could be expected only once in
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about 10 years (see Table 4:3) and nearly half the fall has a recurrence 
interval of 2,5 years (see Fig. 4: 6).
Thus the failure is readily explained by the increased shear stress 
due to excavation, triggered by decreased shearing strength due to pro­
longed and intense rainfall. But careful inspection of aerial photographs 
shows also that impeding of natural drainage may have been a major 
causative factor.
Above the subdivision of Cope Place - Highlands Parace - Stuart Place 
is the broad ill-drained bench of the Wombarra Claystone. A broad spur 
onto which Stuart Place runs projects from this bench (see Fig. 6:1). 
Drainage into Slacky Creek has not cut a steep narrow channel, as have 
other streams dissecting the Coal Measure slopes. Rather, the flow has 
been down a broad seepage hollow, with no defined channel visible on the 
1951 aerial photographs. The reason for this is not known but before 
subdivision the area now occupied by the lower half of Cope Place was 
a broad, steepsided zone of seepage.
During construction this natural depression was apparently filled 
to provide the section of road curving up to the end of the cul-de-sac.
The scouring of the road since 1974 has exposed this impermeable clayey 
fill, as the flow has cut towards its former level. The flow of water 
has also been restricted by the road itself, which has been constructed 
sloping back down towards the excavation. Bubbling up of the road 
surface from the subgrade shows the inadequacy of the drainage provided. 
This damming of seepage was of course accentuated when the failure partly 
blocked and disrupted the stormwater drainage system.
It is interesting in this context also to examine Alanson and George 
Avenue. While Bowman (1972) rightly states that Alanson Avenue failed 
because fill was placed on an unstable slope, again the location of 
failure coincides with a small drainage line (see Fig. 6:1). At George
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Avenue one failure scarp ran along the boundary between the bedrock slope 
and fill that had been placed in a broad seepage depression.
Clearly the failure at Cope Place was triggered by heavy rainfall 
after oversteepening of a slope cut in incompetent strata during road 
construction. Without this interference, the slope may have remained 
largely stable, showing only the signs of creep noticeable on the forested 
slopes above the slump.
Well-established principles of slope stability management were 
ignored during construction; but in fact two features of the landscape 
should have indicated the need for particular care - firstly the seepage 
zone, and secondly the naturally steep gradient on slopes underlain by 
clayey strata.
Summary of Conclusions
1. Excavation during road construction further increased the gradient 
of a slope naturally steepened by active basal erosion.
2. Placing of impermeable fill in a natural channel and cambering the 
road up from the base of the cut dammed seepage, and increased the 
likelihood of high porewater pressures in the clayey slope materials.
3. The oversteepened slope remained stable for several years perhaps 
because rainfall was low. Also pore pressures in a cut slope take 
some time to reach equilibrium after excavation. Failure was 
apparently subsequently triggered by heavy rainfalls.
4. The slide has been rotational in character, with levels on the 
slope lowering as the slide progressed. Initially the thrust of 
the slump pushed material up and across the road, but the foot of 
the slide is no longer progressing outwards, apparently because wash 
and gullying is rapidly eroding the much-disturbed material. How­
ever this natural unloading of the toe is causing continued lowering 
and greater breaking up of material at the back of the slump.
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5. Changes in the direction of thrust of the failure in the absence 
of interference show the need for care that remedial works do not 
prompt only diversion of the problem from one site to another.
6. The importance of jointing and bedding planes in determining the 
material's strength demonstrates that such discontinuities must
be taken into account when assessing the strength of clayey strata 
as well as 'stronger' rocks such as quartzose sandstones.














MT. OUSLEY ROAD, MT. OUSLEY
The landslides at Mt. Ousley are some of the most extensive and 
damaging in the Illawarra. Amaral (1975) shows 5 houses and 2 building 
allotments disrupted since 1972 by a failure which crossed the major 
access to Wollongong - the Mt. Ousley Road. Yet, as shown in Chapter 5, 
development has shown little regard for previous instability in the area 
and Mt. Ousley remains one of Wollongong's most prestigous suburbs, with 
high property values reflecting its residential allure. Damage caused 
by landslides to valuable property, to the main road and to other 
services has been a major cost to individual homeowners and public 
authorities; but efforts to halt the movement have been unco-ordinated 
(see Amaral 1975) and largely unsuccessful. No attempt is made in this 
Chapter to define the engineering behaviour of the slide or to design 
preventive measures, as these tasks are being actively researched by 
consultants and public authorities. Rather, this Chapter aims to 
identify the physical factors influencing the movement, and to set the 
failure in its historical and geomorphic context.
Natural Slope Stability
The geology of the Mt. Ousley area is complicated by two major 
faults and by deep deposits of taluvium (see Fig. 1:2). Bowman (1972) 
maps an extensive area above Mt. Ousley Road to the Mt. Keira cliff line 
simply as Quaternary talus so recent exposures of Coal Measure strata 
along the road and aerial photographic interpretation have been used to 
infer the bedrock geology shown on Fig. 7:1. Because of the faulting 
the sequence of Narrabeen Group benches above the Coal Measure spurs 
is less clear than at Bulli (cf Fig. 6:1). Also, the benches are dis­
sected by streams which have cut back towards the escarpment crest.
Bowman's Stability Zones Fig.7 2
Mt. Ousley
ITT
] Stable land □
3 Minor instability □
_ Less stable land m Essentially unstable
Landslips and Taluvium Fig 7 3
Mt. Ousley
Landslips identified on 1 9 5 1 ,1 9 6 6  photos or in the field 
Study site ☆
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This complex geomorphic situation is reflected in the pattern of 
stability zones designated by Bowman (1972) (Fig. 7:2). Narrow strips 
of Zone 5 denote Narrabeen sandstone clifflines, while patches of 
Zones 4 and 6 mark known unstable areas, Mt. Ousley Road itself largely 
follows a gently sloping area, marked as Zone 2, which is underlain by 
both Narrabeen and Coal Measure strata and blanketed by taluvium (Fig. 7:3).
Within the area marked Zone 2 however, a narrow slide into Fairy 
Creek (23-1966), two distinct and extensive but inactive failures along 
Broker’s Road (26-1966, 40-1951) and two failures out of road cuttings 
(24-1966, 42-1951) (Fig. 7:3) were identified on aerial photographs.
These failures and also those within Zones 4 and 6 were largely assoc­
iated with taluvial slopes, though deep-seated and extensive movements 
(e.g. 26-1966) have occurred on bedrock slopes.
As is typical for northern Wollongong, the taluvium can be grouped 
into mottled bouldery Type M deposits overlying the Coal Measure spurs 
and variable Type U deposits on the benches (both Narrabeen and Coal 
Measure) above. Also as in other areas, the Coal Measure slopes may 
have undergone drainage inversion leaving perched on spurs masses of 
Type M debris that once cascaded down and infilled valleys. The depths 
of Type U taluvium are however greater than is common elsewhere, reaching 
8-10 m. and Cook (pers.comm. 1973) suggests there has been movement of 
large blocks of bedrock in the area, as well as of surficial debris. 
Chestnutt (discussion, Instability and Land Use Symposium 1974) also 
put forward this view and commented that the taluvial debris may have 
infilled depressions above slump blocks.
The extensive instability in the Mt. Ousley area is probably due 
at least in part to the high rainfalls registered there (see Fig. 4:2 ) 
and perhaps also ingress of water along fault lines (cf Hanlon 1956).
Amaral (1975 p.324) also comments that:
Subsurface Geology above Fig.74
Mt Ousley Road
Fioin hoielogs, by courtesy, D.M.R.
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nthe slopes are backed by extensive rock plateaux areas 
which act as catchments to replenish the groundwater 
table within the rock mass”.
However, as shown in Chapter 1, drainage on the plateau is to the 
north-west down the regional dip along deeply-incised gorges. Though 
the sandstones are well-jointed, the claystones should have low 
permeability^ and the dip into the scarp probably directs groundwater 
flow to the north-west as well. For Mt. Keira particularly, flow from 
the plateau is unlikely to reach the north-eastern slopes because any 
such flow would be diverted into the valleys which isolate the outlier 
from the main plateau. Thus it is more probable that the rises of the 
water table and the 3-4 day lag between heavy rainfall and movement 
(cited by Amaral as evidence for flow via bedrock) are due to infiltration, 
to flow through the clayey overburden of taluvium or to ingress along 
fault shear zones, and not to seepage from the plateau.
Movements Across Mt. Ousley Road
The failure with which this Chapter is concerned has cut Mt. Ousley 
Road, just below the New Mt. Pleasant Road overpass (see 44-1951, 2-1966 
on Fig. 7:3). It has involved taluvium overlying Sydney Sub-group 
strata to a depth of 5 m. or more (Fig. 7:4). A coal seam (probably the 
Wongawilli Coal) outcrops on the uphill side below 5 m. of stoney Type U 
taluvium, the failure is bounded on the downhill side by a bedrock spur, 
and the depth of taluvium increases towards the foot of the movement.
Hence the taluvium appears to have infilled an ancient valley. This 
valley may have been partly scoured out by the slide which deposited the 1
1. Bowman (1972 p.194) gives£0-500 N~ millidarcys for the Hawkesbury but 
zero for the Bulgo and Bald Hill formations, while Amaral (1975 p.32) 
quotes ’high variation in permeability’ for the Narrabeen and Coal 
Measure strata.
Extension of Landslips at 
Mt Ousley
Fig.7 5
a) FROM AERIA L  PHOTOGRAPHS
moving
Sketch of the Extent of Fig.76
Movement 2-8- 73  V
V  * ~ Cracks over 1mm in road, kerb
Not to scale
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debris (cf Deere and Patton 1971) and the subsequent movements at the 
site may represent reactivation of an ancient failure plane (cl' Stout 
1970, Zaruba and Mend 1969).
Because Mt. Ousley Road is a major access way to Wollongong, failures 
severe enough to disrupt traffic flow ha.ve often been recorded by the 
local newspaper. The road was first reported to be ’impassable’ after 
heavy rains in mid-April 1884 but not until 1950 were details of a 
failure specified. On 13th June, 1950, the road was closed ’about half­
way up on the Wollongong side’ when two stretches of road, each about 
60 m. long and separated by 4 m. of undisturbed surface dropped about 
50 cm. Subsequent reports of landslide damage in 1951, 1958 and 1961 
(see Appendix 2) concerned rockfalls near the Mt. Keira turnoff at the 
crest of the scarp but in late May 1963, the section just below the over­
bridge again sank. Amaral (1975) comments that this old slide moved 
again in March 1972 but its reactivation was not studied by the author 
until a year later. Between 1951 and 1972 the headscar retreated 
markedly upslope (Fig. 7:5a) and in 1972, two houses were being dis­
rupted by the movement (Fig. 7:5b). In March 1973 long scars disrupted 
the roadside, the road warped for a distance of over 30 m., a cut batter 
in Dobinson Road failed, cracks appeared in Broker’s Road and Robinson 
Road was pushed out of alignment. Since then, the failure has continued 
to extend and at least five houses are now involved (see Fig. 7:5b).
In 1973, there were two distinct movements cutting the road, the 
uphill one being wider but the downhill one seeming to be more deepseated. 
Between these two thrusts, the road pavement was undisturbed (see Fig. 7:6) 
and remained so for over 12 months before it too needed repair. Surface 
drains dug across the uphill failure to divert surface water to the 
creek exposed pale grey hard shales and indicating a shallow taluvial 
cover in that area (Fig. 7:7). In the downhill failure, bedrock was
M t  O u s ley  Road Failure , Fig  7 7
Head Section 25-11-1973
Contours in m, above arbitrary datum
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expos ed only in the headscar. These exposures were too broad (over 3 m.) 
to be simply floaters of shale, and thus appear to be at odds with the 
data shown in Fig. 7:4. They illustrate the difficulty of interpreting 
the form of the taluvium-bedrock contact from a few widely-spaced bore­
holes .
Development of the Failure Since March 1973
After March 1973, signs of movement extended rapidly into the 
residential area below the main raod - a culvert wall at the bend in 
Dobinson Road cracked and moved 6 cm.; kerbing in Broker's Road opposite 
Elnathan Parade buckled down 5 cm.; and other cracks developed in 
Dobinson Road and Broker's Road. Thus the movements had coalesced at 
the toes and the undisturbed pavement on Mt. Ousley Road probably was 
moving as a block within the failure. At the end of 1973 there appeared 
to be little movement above the road near the uphill scar but there was 
deep and severe cracking near the downhill scar.
The next very noticeable period of activity was March-June 1974. 
During March the western kerbing of Mt. Ousley Road had cracked and 
buckled, batter failures in Dobinson Road had worsened and partial 
blocking of the creek by land movement had caused flooding which cut 
deep trenches in Dobinson Road. By mid-June damage was more severe:­
- cracks on the head section of the downhill slide above the road 
had been largely closed over as the movement progressed
- a long scar 0.8 m. high had cut from the road across both drains 
on the uphill head section (Plate 20 ), the first major movement 
there since March 1973.
- the wall of the culvert beside the bend in Dobinson Road had 
been pushed almost flat across the creek, and the kerbing nearly 
warped outwards by 1.5 m. (Plate 21). Movement in at least one 
house had accelerated, and the blocks near the creek were badly
cracked.
Cracks in the Kerbing, 
Brokers Road
Fig. 7 8
a) SKETCH MAP 27-7-74
Dofj
d r o p p e d  ! c m 3 c m  buckling-up
362 Magnetic beaiing 
4 Misalignment (cm) 
0-3 Crack width (cm) 
(j) Telegraph pole 
En echelon cracks
TABLE 7:1
WIDTH OF CRACKS IN KERBING, MT, OUSLEY (cm)*
Date Corner Broker's-Dobinson Roads Broker's Road-West Side
10.11.73 4.5 4.5 - 5 5 - -
7.12.73 5.5 4 0.2 nd nd nd nd
27. 7.74 6.5 4 <.l 12.5 6.5 .3 .1
13. 2.75 Kerbing renewed 14 6 .3 .5
12. 2.76 17.2 7.2 .1 .6
Broker 's Road - East Side Total
10.11.73 - 5 5.5 4 - - - 14.5
7.12.73 - nd 5.5 4.5 .5 .3 - 10.8
27. 7.74 - 1 7.5 8.5 nd nd - 17
13. 2.75 .5 2 8 8 1 .2 .6 20.3
12. 2.76 .5 2.3 10.3 10.5 1 .2 .8 25.6
* Cracks narrower than 0.1 cm not measured. They may be located on
Fig. 7:9 which shows their final width.
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Dobinson Road was badly scoured by a once-in-27-year storm of 
494.4 mm (see Fig. 4: 6) in March 1975 (Plate 22 ) but there was little 
distortion of the kerbing (cf Plate 21 ). Indeed from June 1974 to 
1976, the slide progressed with little dramatic change.
Monitoring at the Movements
To trace the activity of the failure, pegs were placed at the head 
of the slide but monitoring of these was abandoned in early 1974 because 
of disturbance by earthmoving equipment. Instead, widening of cracks 
in the kerbing of Broker’s Road, at the foot of the slide, was measured. 
Some of these cracks, and those which had broken the corners of 
Dobinson-Broker’s Road in late 1973 - early 1974 (Fig. 7:8a) were 
obliterated when Council renewed the kerbing late in 1974. Since then 
the new kerbing has developed only minor cracks.
Elsewhere on the roads, the cracks have continually widened unless 
small changes in direction of the movement narrowed or closed them.
(Table 7: 1). Three have opened more than 10 cm. (Fig. 7:8b) and, over 
the stretches measured, displacement has exceeded 25 cm. on the western 
side and 30 cm on the eastern kerb. After their initial opening to 
November 1973, the cracks widened most rapidly in early 1974 when activity 
was obvious also in the headsections of the slides and in Dobinson Road. 
There was little movement later in the year, and most of the widening 
between February 1975 and 1976 seemed to occur in mid 1975 and January 
1976.
These displacements are probably minima for the slide. The distortions 
within the slide have been greatly attenuated above Broker's Road by 
cracking in the headsections and by both cracking and spreading in the 
middle sections. Nevertheless even the cracks in the roads at the foot 
have required constant repair and are wide enough to badly distort built
structures.
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Properties of the Taluvium
The location of the slip plane is not known to the author and the 
failure may involve bedrock as well as taluvial debris. However, in 
two of the affected houses, movement occurred near floor level with 
the deeper foundations not being noticeably disturbed. Clearly move­
ment of the taluvial mantle at shallow depths is causing major disruption, 
although deeper-seated displacement may also be significant. The properties 
of the taluvium in relation to its stability are thus important.
As shown in Fig. 7:4 the taluvium at the Mt. Ousley Road failure is 
generally 4-5 m. thick but increases to 10 m. downslope. Floaters were 
reported mainly in the downslope holes, and only clay in the upslopes 
cores. Other drill logs near the bend in Dobinson Road record over 
4.5 m. of taluvium (sandstone floaters in a sandy clay matrix), and 
an auger hole just below Mt. Ousley Road yielded the following sequence:
0 - 4.5 m red sandy stoney taluvium; yellow mottling; some
floaters
4.5 - 5.1 m moist stiff grey-white clay
5.1 - 6.4 m red silty clay. Small coal inclusion
6.4 - 6.7 m dry dark-grey clayey silt
end of hole.
The taluvium is therefore variable with depth as well as areally 
(cf Chapter 3). Plasticity indices for 12 samples from 1 m. depth taken 
over the head sections of the slides ranged from 23-51%, liquid 
limits being between 42 and 75% and clay contents between 33 and 52%.
The natural moisture content was 20-25%, close to or slightly above
the plastic limits of 15-24% (see Appendix 4 ). At a similar but
undisturbed site off Paradise Avenue, there was 0.3-0.4 m. of acid 
silty black topsoil with less than 40% clay. Below this A horizon was 
a dry, brown, poorly mottled clay containing 48-56% clay, with a 
moisture content slightly below its plastic limit of 20%. Its plasticity
TABLE 7: 2
SLAKE DURABILITY INDICES,
COAL MEASURE STRATA, MT. OUSLEY
Fine sandstone from downhill headscar 39.5%
Grey mudstone from downhill headscar 51.9%
White shale from downhill headscar 3.5%
Fine sandstone from uphill headscar 26.6%
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index was 25% and its resistance to penetrometer only 1.0-1.8 kg/cm“ 
except on a steep creekside where it reached 3.4 kg/cm^.
The clayey debris that covers the Mt. Ousley slopes is therefore a 
low strength material, with an estimated residual angle of shearing 
resistance of about 9° - 11° (after Kanji 1974). Its average surface 
slope between in-line boreholes in Fig. 7:6 is 9.4% on Section 1 
(Fig. 7:4) and 11.4° on Section 2, with the respective underlying firm 
bedrock gradients being 13.2° and 12.1°. These data support the 
conclusion reached in Chapter 2 - that taluvium is unstable when resting 
on bedrock slopes over 10-12°.
The Coal Measure strata also are low strength materials, especially 
where weathered to soft clays. Where they outcrop near the headscars 
of the slide, the shales and sandstones are thinly-bedded, fractured, 
and weathered. Their slake durability indices were much lower than 
those for the bedrock at Cope Place, and the samples were very friable 
(Table 7:2). For a similar geological situation, D'Appolonia et. al.
(1967) found, that there was a band of expansive slickensided clay at 
the slip plane, which lay along the debris-bedrock contact. No such 
layer was observed at Mt. Ousley and there was apparently no dislocation 
within the shales that suggested presence of a slip plane. The failure 
may therefore be seated in the taluvium, perhaps just above the bedrock 
contact, and (as previously suggested) involve reactivation along an 
ancient failure plane, that is, the base of debris deposition.
The Relationship of Movement to Rainfall
The movements at Mt. Ousley, like most others in Wollongong and 
reported in the literature, have been most severe after heavy rainfalls, 
but the range of data in Table 7:3 illustrates the difficulty of implicating 
a particular monthly value. 170 mm was the lowest monthly fall (as 
recorded at Mt. Keira Scout Camp) associated with major movements, a
TABLE 7:3
LANDSLIP AND HEAVY RAINFALLS, MT. OUSLEY
Time of Monthly rainfall (mm)
Failure Wollongong Albion Park Mt.Keira 
Scout Camp
Mt .Pleasant
































value only half that (350 mm) suggested by Bowman (1972) after study 
of the failure at Thirroul Public School and lower than the 250 mm. 
used by this author in searching newspaper records (see Chapter 4).
Of course the relatively low falls did simply accelerate an established 
slide rather than initiate the movement. It is possible that the recent 
sliding at the site was initiated in June 1950 by the record rainfalls 
of that year and month. A much lower fall (388 mm) reactivated the 
failure in 1963 and a still-lower fall in 1972/73 (173, 177 mm - see 
Table 7:3). More major movement after the very heavy rains in 1974 
(541, 241 mm) was thus hardly surprising, and 200 mm/month may be a 
reasonable estimate for a rainfall likely to induce more, severe displace­
ment.
Reference to Table 4:3 shows that the falls so far responsible for 
significant movements lie above the 50th percentile for their respective 
months, and often above the 70th. 200 mm lies about the 50th percentile
at the Scout Camp for January, February, March and June so that such a 
fall could be expected once in every 2-3 years in any of these months. 
However falls over 200 mm/month have recently occurred far more often 
than this - twice in 1972, 3 times in 1973, 4 times in 1974. In each 
of these years one +200 mm fall occurred in the latter months but did 
not induce noticeable movement. Thus the relatively low value of 200 
mm/month may cause drastic movement only if soil moisture has been 
raised during preceding wet months (see Table 7:3). This again high­
lights the problems of relating landslide damage to specific rainfalls 
(see Chapter 4) - the records of movement are probably incomplete, and 
it has not been possible to define the critical mix of intensity, 
duration and amount of rainfall and previous soil moisture conditions.
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The Effects of Urban Development
Unlike the Cope Place failure, the movement at Mt. Ousley Road is 
not clearly related to urban development. It can be explained by a 
combination of several natural factors :
1) a possible ancient slip plane at the debris-bedrock contact 
of a taluvium-filled valley
2) taluvial debris resting on a bedrock slope of 12-13°.
3) high percentage of clay, some of which is expansive, indicating 
low values of shear strength and permeability
4) heavy rainfalls, and subsurface flow through taluvium or 
weathered bedrock from the ill-drained benches above.
5) convergence of contours, and thence concentration of drainage, 
in the ancient valley increasing the possibility of high pore- 
water pressures.
However the failure has almost certainly been worsened by urban 
development. The head-section was excavated and the road section filled 
when the road was made; drainage has been channelled, not always 
adequately; construction especially at one house had blocked drainage 
near the toe of the slide;* clearing has reduced water loss from the 
soil; and absorption septic tanks on the subdivisions above may add to 
the seepage load. Because land ownership is fragmented, efforts to 
control these movements have been piecemeal and success in diverting it 
from one area has not always been accompanied by improvement elsewhere 
on the slide. For example, excavation at the toe was needed to free 
drainage behind one house, repairs to the main road have involved 
dumping gravel to fill in dropped sections and bulldozers working on the 1
1. This house, which has been badly damaged, was built in the late 
1960’s in the path of the 1950 and 1963 failures.
-131-
headsections exposed bare earth, allowing deep cracking during dry 
weather. Though urbanisation may not have initiated the failure, it 
has probably increased its severity. Certainly, through loss of 
valuable property, it has given movement serious social significance.
As at Cope Place, lack of recognition of potential hazard has led 
to landslip damage within the urban area. However the Mt. Ousley 
movements clearly are far more complex than the slumping of clayey, 
closely fractured Coal Measures from the oversteepened slope at Bulli.
At Mt. Ousley it is not clear whether the failure extends into bedrock 
or is confined to the taluvial mantle, and the boundaries and form of the 
movement are less readily defined than at Cope Place. At present 
headward retreat of the failure seems to be restricted by the Coal 
Measure bench, but extension of the affected area at the toe is 
continuing. Again this contrasts with Cope Place, where the toe's 
position is stable but headward extension is unrestricted. Hence though 
both movements have occurred on taluvium-mantled Sydney Subgroup slopes, 
their scale, complexity and principal causes are very different. These 
differences highlight the need for detailed and specific study of land­
slip hazard at all sites proposed for urban development.
Summary of Conclusions
1. The movement has affected taluvium which infills an ancient valley 
between spurs of (possibly displaced) Coal Measure strata. It may 
also have extended into bedrock.
2. Movements are generally worsened by heavy rains and by seepage from 
the slopes above.
3. There has not been major up-pushing of material at the toe of the 
slump. Rather, distortion has been attenuated by cracking and by 
the thrusting of the slide in several directions.
4. Nevertheless the distortion even near the toe of the slide has been
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sufficient to seriously affect roads and houses, and the slide 
shows no sign of stopping.
5. The severity of the slide has been worsened by poor construction 
practices and unco-ordinated attempts to control it. Its impact 
is increased by the high values of the properties it is disrupting 
Thus the slide is significant, as are the others discussed in this 
thesis, largely because it has occurred in a built-up area and, 
again as usual, man's activity has exacerbated natural instability
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CHAPTER EIGHT
BUTTENSHAW DRIVE, AUSTINMER 
FAILURES OFF THE WOMBARRA CLAYSTONE BENCH
The often-narrow ridges cut in the Sydney Subgroup of the Coal 
Measures have, as the failures at Cope Place and Mt. Ousley clearly 
demonstrate, only marginal stability; but they offer marked contrast to 
the topography characteristic of the other very incompetent stratum in 
the Illawarra - the Wombarra Claystone of the Narrabeen Group. This 
stratum forms a broad, gently-sloping bench almost continuously between 
Mt. Keira and Clifton. The bench, lying between the
steep rises of the Coalcliff Sandstone below and the Scarborough Sand­
stone above, is evidently structural, and the result of differences in 
both resistance to weathering, and strength (thence mobility) between 
the claystones and sandstones. Because of its broad, low angle tread, 
the bench should be an ideal site for the accumulation of debris (as Type 
U taluvium) from the higher slopes. Yet, as noted in Chapter 2, such 
deposits are generally thin, implying removal of debris from the bench 
as well as a meagre supply from the slopes above.
In 1958 Hanlon discussed in detail the instability caused by the 
Wombarra Claystone on the steep sea cliffs north of Clifton but the low 
gradient of its bench further south prompted Bowman (1972) to class most 
of this strip as Zone I - stable land. However, especially in 1974-5, 
spectacular rotational block-slumps and slump-mudflows moved off the 
face of the bench. They distorted 5 houses beyond use at Coledale, 
forced the temporary or permanent evacuation of several houses in Asquith 
Street in Austinmer and caused serious disruption to roads and services. 
Also, a large slump and a slump-mudflow developed only about 350 m apart 
on Buttenshaw Drive at Austinmer, to the north and south respectively of 
Buttenshaw Place. These two movements - which are the subjects of this
Geology and Topography Fig 8 1
Austinmer - Coledale
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Chapter - are on taluvial slopes in similar topographic positions but 
differ markedly in form and rates of movement. At the northern site the 
ground is extensively cracked and water-logged in many places, but the 
failure has not moved towards the stream on the site and the slump blocks 
have remained coherent. At the southern site, the slump blocks have 
moved towards the creek and broken into a viscous flow that cascades off 
the bench down the stream channel.
What then are the causes of instability on the bench and why do 
movements on apparently similar sites behave differently? How does the 
taluvial mantle affect the slopes' instability? Can the development 
and renewed activity of the movements be predicted? These are the 
questions which this Chapter seeks to answer.
Natural Slope Stability
Near Coledale and Austinmer, 15 km north of Mt. Keira, the escarp­
ment rises 400 m to the cliffline in a distance of less than 2 km from 
the coast (Fig. 8:1, see Fig. 2:2) and slopes are generally steep. How­
ever at about 100 m. above sea level there is a broad and gently sloping 
bench underlain by the Wombarra Claystone. Above this, there is a 
narrower bench (formed on the Stanwell Park Claystone) then the steep 
weathering-limited slopes rising to the cliffs; below it are the spurs 
of the Illawarra Coal Measures.
The upper slopes above the bench are not generally cut by well- 
defined stream channels (see Fig. 8:1) though they provide a substantial 
catchment and receive an average 1,450 mm/year rainfall (see Fig. 4:2 ). 
Rather, nearly all the major streams flowing down the escarpment originate 
on the face of the Wombarra Claystone bench and the bench itself is 
crossed mainly by shallow wandering channels and seepage hollows. At 
Austinmer, where the Coalcliff Sandstone cliffs are not prominent, 
streams have cut back into the bench. At Coledale, in contrast, few
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streams cross the bench and even those dissecting the Coal Measure 
slopes are often narrow and difficult to trace from aerial photographs.
As many streams begin on the face of the bench it seems that flow from 
the upper slopes concentrates at the break of slope and its emergence 
contributes to instability there.
As in other areas (see Chapters 6 and 7) Bowman (1972) marked the 
dissected Coal Measure slopes as Zone 3 (less stable land), the Narrabeen 
sandstone rises as Zone 5 (topographically unstable) and known areas 
of serious instability as Zone 6 (Fig. 8:2). However, apparently 
because of its minimal dissection and low gradient, most of the Wombarra 
Claystone bench - which is traversed by Buttenshaw Drive and Morrison 
Avenue - was described as stable land (Zone 1). Bowman recognised 
two large unstable areas on the bench near Coledale, marking them as 
Zone 6, but two other major slumps can also be identified on the 1966 
aerial photographs (Fig. 8:3) and near Buttenshaw Place there were some 
signs of instability on both the 1951 and 1966 photographs (Fig. 8:4). 
Since then the severe movements at both Coledale and Austinmer clearly 
show that the eastern edge of the bench is far less stable than previously 
thought.
The failures have occurred on slopes mantled by Type U taluvium 
(see Fig. 8:4). This taluvium is generally poorly structured and 
susceptible to failure but is rarely thicker than 3 m (see chapter 2).
Some of the movements along Buttenshaw Drive - Morrison Avenue appear 
to be more deepseated and may extend down into bedrock. As at Mt. Ousley, 
the Type M taluvium on the slopes below the bench is relatively stable. 
Movements Near Buttenshaw Place, Austinmer 
‘ Deere and Patton (1971) note that a colluvial mantle over alternating 
shales and sandstones may create a semi-contained aquifer and cause 
continual slipping. On the Allegheny Plateau, where this occurs, slopes
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on material with similar properties to the Illawarra taluvium (W^ 40-50,
1^ 23-26) are unstable at above 12-14°. Skempton and Hutchinson (1969) 
also comment that colluvial mantles often contain high perched water 
tables even though groundwater levels in the rock underneath are low.
Both colluvium and weathered shales often fail as slumps, those in 
colluvium usually having depth/length ratios of 0.15 - 0.33 (Skempton 
and Hutchinson 1969) and those in shales typically moving out along 
bedding planes at the lowest point of excavation due to release of 
locked-in horizontal stresses (Deere and Patton 1971).
Given the combination of a taluvial mantle, underlying claystone, 
high rainfall and the steep face of the bench, neither the instability 
along the Wombarra Claystone bench nor its usual slump form are surprising. 
As noted above, however, the two movements near Buttenshaw Place are 
not alike and detailed investigation suggests that they also differ 
from the forms described by Deere and Patton (1971).
The Southern Site
Before development both the southern and the northern sites showed 
irregular topography that was in marked contrast to the smooth contours 
of the Buttenshaw Place ridge; houses at both sites were built near 
breaks of slopes that may represent old failure scars; and at the 
southern site two small movements can be seen on the 1951 photographs 
near the stream which cuts back into the bench. One of these movements, 
a small semicircular slump above the head of the creek, is apparently 
the precursor of the present failure. Since 1951 two houses have been 
built on the site and, since 1972 particularly, headward extension of 
the slump has threatened these dwellings. Their backyards have been 
disrupted by multiple slump scars only a few metres apart and, at the 
head of the stream, the slump blocks have disintegrated into a narrow 
viscous mudflow down the steep channel (Fig. 8:5).
Failure at Southern Site, Fig 8 6
May 1973
HEAD SECTION -  SLUMP
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The headscar had cut back close to the houses by May 1973. One 
owner, who subsequently moved his home m  late 1975, had dug two drains 
along the edge of the scar to check its retreat (Plate 23) while the other 
responded by dumping numerous loads of washery refuse to re-level the 
continually dropping ground. The slumped head section was about 40 m 
in diameter and there was an abrupt narrowing where the mudflow began 
(see Fig. 8:5). Where the ground was still grassed and broken into 
slump blocks the surface slope was 3-7°, but the flow of viscous mud 
moved at about 1 m/s down slopes of 14-26°, following the stream channel 
for over 100 m CFig. 8:6). This muddy course was considerably steeper 
than the angles for mudflows suggested by Skempton and Hutchinson 
(1969) i.e. 5-15°, except where it was blocked by fallen debris.
Over the next 5 months the head scar retreated towards the house 
directly behind it. The owner retaliated by loading the head with yet 
more washery refuse. The unoccupied block south of this house was 
broken by deep tension cracks up to the edge of Buttenshaw Drive.
(see Fig. 8:5). On the northern side the scar cut back over 3 m towards 
the drains, reaching them around January 1974 and disrupting the inner 
one by September 1974 (Plate 24). Over the following 18 months to March 
1976, there was some extension of the headscar through the downhill 
ends of the drains and considerable lowering and movement of the slump 
blocks. A crack several cm wide appeared in a stone wall on the block 
closest to the Place and the house was moved to a more stable block in 
October 1975. In June, 1976 the house remaining appeared unscathed though the 
scar is only about 5 m from it. 1
1. A fact that did not deter the placing of three "For Sale" signs 
which remained there for several months.
Movements Near the Headscar, 
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The failure has therefore progressed spasmodically with the scar 
cutting back several metres at irregular intervals. With such sudden 
movements elsewhere, increases in the rate of creep in the mass about 
to fail have often been reported. Skempton and Hutchinson (1969) note 
that prefailure movements may be up to several cm/day in the preceding 
*-week and several decimetres on the last day. They quote total pre­
failure distortion exceeding 40 cm, at rates of 3-30 cm/day for a medium 
landslide.
Accordingly, in January 1974, seven pegs were placed behind the 
retreating eastern edge of the headscar (Fig. 8:7).^ These were surveyed 
to an accuracy of ± 1 mm at monthly intervals between June 1974 and May 
1975. Over the 11-month period the pegs followed tortuously irregular 
paths (Fig. 8:7). There were displacements of over 5 mm at pegs 3, 4 and 
5 in March 1975 but otherwise such movements, even of closely adjacent 
pegs, were rarely synchronous. The longest nett displacements - 10 mm - 
were at peg 6 (Fig. 8:8) in response to movements that caused the dropping 
of the end of the driveway in July 1974 and the cracking of the wall in 
early 1975. At the lower end of the garden (pegs 2, 3, 4, 5, 7) movements 
were generally short and towards peg 1, which was only slightly displaced 
and seemed to mark a boundary between the movements of the upper and 
lower parts of the slope.
The change in height was measured only for peg 7 but totalled less 
than 1 mm over the entire 11 month period.
1. The tree in the drain on Fig. 8:7 is seen in the foregound of
Plates 23 and 24 .
2. Surveying by Mr. John Mendham of K.F. Williams and Associates, 
Wollongong. Positions relative to a tribach on the porch of the 
house that was later moved.
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Though the headscar retreated several metres during the span of 
the survey the movement of the pegs was slight and roughly parallel to 
the scar. The displacements that were measured seemed to be response 
to, rather than precursors of, the scar’s retreat. Certainly they were 
far smaller than any of those mentioned by Skempton and Hutchinson (1969) 
and they do not provide a warning of incipient movement.
Properties of the Taluvium
The drainage trenches dug in 1973 revealed 2-3 m of irregularly
mottled Type U taluvium and the owner of the property said he had struck
a soft white clay at about 5 m, having dug through material similar to
that at the surface. It seemed, therefore that the taluvium was quite
deep and samples were taken from the trenches,from the peg sites and
from the head of the mudflow, at 1-2 m below the ground (Appendix 11).
The taluvium, when undisturbed, was a stiff, sandy-silty clay with occasional
boulders, many rotted sandstone fragments and subhorizontal coarse
irregular red/white mottling. Some of the colour variation was due not
to a pedogenic mottling but to disintegration of sandstone fragments.
Whatever their origin however the red patches were sandy and had a
strength of 2.4 - 2.8 kg/cm (by penetrometer); whereas the pale areas
2were clayey and had a lower strength (1.2 - 1.6 kg/cm ).
The plasticity indices found for the eight samples were generally 
higher than for samples taken elsewhere on the site by Bertoldi and Smith 
in 1974. These had indices of 26-33% above the western scar, 33-42% below 
the northern scar and 34-42% near the top of the mudflow. They are 
comparable to samples, taken from the bench at Bulli Pass (Gordijew and 
Malone 1952), which had plasticity indices of 18-39% and linear shrinkages 
of 10-17%.
From the relationship given by Kanji (1974) (see Fig. 3:7 ), a 
residual angle of shearing resistance of 8-12° could be expected for the
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taluvium. Similar values would be predicted by the lower range of 
Skempton’s (1964) plot of 0^ against clay content (see Fig.3:7). 
Particularly as drainage is concentrated at the head of the stream 
therefore, low shear strength and a low slope angle for long-term 
stability can be expected at the site.
It is pertinent to note here that the puggy white clay from the 
top of the mudflow (sample 5) does not denote a very weak or mylonitic 
layer along the slip plane. Though it had a very high silt-clay content 
its liquid limit and plasticity index were lower than those for some 
of the undisturbed taluvium . Its clay mineralogy
(see table 3:5, A9) was dominated by illitic clay, suggesting incorpor­
ation of some weathered Wombarra Claystone in the moving material. This 
is supported by recent drilling (Chowdhury, pers. comm. 1976) where 
preliminary analysis indicates that the failure extends into weathered 
bedrock.
Causes of the Failure
At the head of the stream, contours and thence drainage converge. 
This convergence forces concentration of throughflow'*' at the head of 
the stream, causing the clayey overburden to disintegrate into a vicous 
saturated mud. As this mud cascades over the steep face (which is under 
lain by the Coalcliff Sandstone) below the bench, it continually removes 
support from the toe of the slump and further movement results. The 
slump may extend into weathered bedrock and the taluvial veneer be 
transported by the deeper-seated movement, as at Cope Place. It is a 
deep-seated failure (depth/length ratio = 0.11, see Fig. 8:6) and is 
backward-rotating so that surface creep towards the headscar is minimal 1
1. Flow from the deep drainage trenches was profuse during rainfall and 
continued for several days at least after rain.
Sketch of thè Northern Fig.8-9
S ite , June 1974
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and cannot be used to predict incipient failure.
Slumping into the head of a creek is a natural process by which 
streams cut back into the bench. However, at this site its severity 
has been increased by clearing of all trees around the creek head, 
uncontrolled added seepage from impervious surfaces and absorption 
septic systems and - once the movement had started - loading of the 
head of the slump by large quantitiesof washery refuse (see Chapter 5). 
The Northern Site
In March 1973 there was some disruption of Buttenshaw Drive just 
north of the Place but the major failure at the northern site occurred 
in mid-1974. The ground dropped about 1 m along a 100 m headscar which 
swung across the property and up to the road, away from the creek that 
circuits the site (Fig. 8:9). The scar passed directly underneath the 
foundations of a house, causing the eastern wall to cave out and the 
house to topple over. It was demolished soon after (Plate 25 ). Many 
short rifts and scars broke the slumped area and water remained ponded 
in small depressions. Surprisingly however, there was little distortion 
of the relatively steep slope on the eastern side of the site and no 
bulging at its toe (see Fig. 8:9). Movement was therefore across, not 
down, the maximum gradient and away from, not towards, the creek.
This unusual direction of movement raises the question of mine 
subsidence but there are no tunnels below the site. Also the nearby 
Austinmer Central Colliery closed 25 years ago, and any subsidence 
effects would have been expected to occur well before the recent slope 
failures. The northern site was thus selected for detailed drilling 
investigation to try to define the slip plane and explain the apparently 
anomalous direction of movement.
Plan of th e  N o rth ern  S ite Fig. 8-10
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BH1 17,70 17.62 -0.08
BH2 19.29 18.99 -0.30
BH3** 13.92 n. d. n. d.
tree 18.02 17.78 -0.24
tree 16.90 16.59 -0.31
power pole 25.95 25.95 0
power pole 23.86 23.97 +0.11
the closest power pole was assumed unchanged. The apparent change 
in the height of the second one is an error. The changes given 
would increase if this second pole were taken as datum. Hence 
they are a minimum change.
BH3 could not be relocated on 8/3/76
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Movement at the Site
Since the initial failure, the original direction of movement 
has persisted. By January 1975 (Fig. 8:10), some six months after 
the failure, the original headscar had retreated 0.5 - 1 m and some 
short secondary scars had swung parallel to the creek. There has been 
little subsequent change in the position of the headscar or of marked 
points on the site^. In fact there was a drop of 0.4-0.5 m along the 
line of the scarp (which had been bulldozed over in early 1976) between 
an inspection on 26.2.76 and re-survey on 8.3.76, after several days of 
heavy rain. The marked points varied surprisingly little in height 
(above arbitrary datum as shown on Fig. 8:10) between January 1975 
and March 1976 (Table 8:1). Much of the continued movement appears 
to have been accommodated by further cracking of the already disturbed 
ground, and the steep eastern slope and the area behind the headscar are 
still largely undistorted.
No porewater pressure results are available for the site but the 
water table does appear to rise rapidly after rainfall and remain close 
to the surface for some time. In the very disturbed areas, the ground 
is constantly waterlogged, implying a perched water table (cf. Skempton 
and Hutchinson 1969 p.299). Whatever the position of the watertable, 
however, flow through the clayey overburden is probably slow due to the 
expansive clays (linear shrinkage was about 16% at 12.5 m above datum 
in BH1). As the creek that swings around the site is incised only 1-3 
m, it does not drain the subsolum to any significant depth. Thus there 
is probably appreciable throughflow, in the clayey overburden, which 1
1. The three boreholes and two nailed trees. Disturbance at the site 
by earthmoving equipment destroyed other markers before the site 
was re-surveyed in early 1976.
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raises porewater pressures but is not sufficiently concentrated to cause 
complete disintegration of the material into a flowing mass.
Changes in the Slope Material with Depth
Three boreholes were drilled at the site1 (see Fig. 8:10). A full 
record of the cores is given in Appendix 11 . This investigation had 
several aims:
i) to determine the engineering properties of the material and 
any alteration of these with depth.
ii) to discover the depth of the taluvial mantle and thence any 
possibility of past major landslides at the site (cf. Mt. Ousley)
iii) to locate the slip surface and ascertain its depth below the 
ground.
No consistent changes in texture with depth were found in the 
cores (Fig. 8:11a) the clay contents being scattered widely around a mean 
of about 60%. The fine-grained sandstone at the base of BH1 also had 
a high clay content (51%) and its Atterberg limits (Fig. 8:11b) closely 
resembled those of the silty clay some 3 m above it. BH3 in contrast 
showed a marked drop in Atterberg limits for the intact silty fine 
sandstone at its base. For all samples, apart from the top of BH2 and 
the base of BH3,the index properties tended towards the top of the range 
observed for taluvium elsewhere in the Illawarra and the materials were 
inorganic clays of high plasticity, but changes with depth were not 
consistent between boreholes.
As could be expected from the wide variation in clay contents, 
no trend with depth was found for percentage silica (SiC^) or alumina 
(Al^O^) (Fig. 8:12). Overall iron content (as Fe20^) increased with 
depth but within each core, and between white and red-brown laminations
1. Drilling by Mr. L. Boers of South Coast Exploration Co., using a 
tungsten bit and little water where possible. Excellent core was 
extracted.
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at the same depth, the variation was wide (see Fig. 8:12). The 
apparent increase in % with depth therefore does not necessarily
indicate leaching of iron from the surface.
Summary physicochemical properties - pH and specific gravity - 
however did show consistent trends with depth (Fig. 8:13). The increase 
in pH from an acid to a slightly alkaline value at about 12 m above 
arbitary datum is especially significant. It represents a transition 
from leached acidic clays near the surface through weathered bedrock to 
the alkaline Wombarra Claystone formation (which has a relatively high 
calcite content and pH = 8) at the base. This interpretation is consistent 
with the higher volatile contents found at depth (due to decomposition 
of the carbonate with heating during analysis); though at the surface, 
organic matter may also give a high value for this property.
The visual appearance of the cores also changed with depth 
(Appendix 11 ) and indicated that much of the clayey overburden above 
the bedrock contact was a residual material rather than deposited taluvium. 
Below a shallow layer of taluvium - 2.2 m in BH1 and BH2, 1.7 m in BH3 - 
was 2 - 6.5 m of strongly weathered siltstones and claystones. This could 
be identified as in situ material by thin, yellow-brown and white 
horizontal laminations, unlike the mottling found in the randomly structured 
taluvium, by bedding structures in some samples'*', (Plate 26 ) by steeply 
dipping joints (often manganese oxide-stained), by some broad bands of 
broken shale in the midst of more weathered material high in BH1 and 
BH2, and by the notable absence of the quartzose sandstone floaters so 
often observed in taluvium.
Only about ^ km to the south depths of 'talus' up to 40 feet (12 m)
were reported (Longworth and McKenzie, private report) - a far greater
depth than at the northern site. However, this clayey material was
extracted by auger, not as core, and the resultant disturbance would 1
1. Identification kindly done by Dr. B. G. Jones, Dept, of Geology, 
University of Wollongong.
Surface and Bedrock Contours Fig 814 
Northern S ite , Austinm er
18 Surface heights above arbitary datum in metres___ 10___  Bedrock heights
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have obliterated relict rock structure. Though the site reported may 
be a deep talus-filled depression (cf. Mt. Ousley), it may be instead 
an area where the bedrock has weathered to greater depth than at the 
northern study site or where the taluvi il mantle is thicker above the 
weathered claystone.
In none of the holes was a slip piane identified. Failure surfaces 
are often identified by mylonitic clays, by soft wet layers of clay, by 
slickensides or by alteration in the angle of bedding; but none of these 
features were found. The only indication of a possible failure plane 
was low in BH1 where the following sequence occurred
10.23 - 11.29 m broken grey shale
9.72 - 10.23 m hard grey fine clayey sandstone
9.59 - 9.72 m loose wet brown sand
9,49 - 9.59 m moist weathered claystone
9.06 - 9.49 m hard grey clayey fine sandstone
This thin incompetent zone from 9.49 - 9.72 m above arbitary datum 
may be a lens of material weathered and disrupted along a failure plane 
but no similar band occurred in the other holes.
The Importance of the Bedrock Slope
Hard unweathered bedrock - a sandy facies in the Wombarra Claystone 
formation - occurred 8.2 m below the surface in BH1, 8.6 m in BH2 and 3.5 
m in BH3. These depths corresponded to 9.5 m, 10.7 m and 10.2 m 
respectively above the arbitary datum set in Fig. 8:10. They define 
a bedrock slope that does not correspond to the ground surface slope 
but closely parallels the headscar of the failure (Fig. 8:14)! Ihough 
the groundsurface slopes from BH1 and BH2 towards BH3, the bedrock surface 
is nearly horizontal between BH1 and BH3 and slopes down from BH3 t̂o BH2 
at 1.6°. The true slope of the bedrock surface, however, is approximately 
5°, bearing to 110°m and leading directly away from the headscar of the
slump. This correspondence between the bedrock slope and headscar, and
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the persistence of movement in this direction from mid 1974 to 1976, 
strongly indicate that forces acting near the bedrock slope control the 
slump. This would also indicate why there has not been major distortion 
of the steep eastern slope as a failure plane near the bedrock contact 
should emerge near the top of the slope (Fig. 8:14). Here there has 
been some cracking and one tall dead tree toppled over between June 1974 
and January 1975.
Final confirmation of this explanation must await measurement of 
porewater pressures at the site and contouring of the bedrock surface 
throughout the area of failure. Unfortunately the reflective boundary 
defined by seismic traverses underestimated the depth to sound rock by 
up to 30% both at this site and near Asquith Street and more research 
is needed before this relatively rapid method can be used to define the 
bedrock surface.
From the available evidence, the causes of instability at the 
northern site appear to be:
i) a parent bedrock - the Wombarra Claystone - that stands at a low 
angle above steep sandstone slopes and weathers to an expansive 
clayey overburden with low permeability, low angle of shearing 
resistance and hence high mobility.
ii) substantial throughflow from the steep upper slopes of the 
escarpment that flows above the relatively impermeable unfissured 
intact bedrock and creates high porewater pressures in the over­
burden.
The movement follows the slope of the intact bedrock surface and 
involves mainly the weathered clayey overburden. Despite much cracking 
and lowering as a result of the movement, the slump blocks have remained 
coherent, probably because the substantial throughflow moves through 
the whole slope and is not channelled.
TABLE 8:2
WEATHERING PROFILE FOR RESIDUAL SOILS
(AFTER DEERE AND PATTON 1971)
ZONE I
A - zone of eluviation, often sandy, organic 
B - zone of illuviation; dark, clay-rich, leached 
C - saprolite; relict rock structure preserved but minerals other 
than quartz are weathered; 10% corestones
ZONE II
A - transition from saprolite to Zone II B. Very variable
composition; 10-95% corestones; often very permeable 
B - partly weathered rock. Altered especially along joints.
Rock becomes weaker but more permeable due to volume 





The taluvial mantle is thin and is simply carried along by move­
ment of the underlying material. Its thinness suggests there has not 
been major movement of debris onto the front of the bench and, as 
suggested in Chapter 2, the Type U deposits are built up by small mass 
movements that do not travel great distances.
Deep slides incorporating both weathered rock and overlying 
debris are,as Deere and Patton (1971) note, common in areas with deep 
residual soils and associated with the characteristics of the weathering 
profile. However, the weathering profile given by these authors 
(Table 8:2) is not like that developed on the Wombarra Claystone and 
the mechanisms for landslides suggested by them are not appropriate to 
the site under discussion. In particular the weathering profile given 
by them becomes increasingly permeable, often more coarse grained with 
depth, whereas clay content is high throughout the profile at the 
northern site and no corestones were encountered. Although given as a 
general model, Deere and Patton’s sequence is unlikely to be valid 
except in granitic rocks where corestones and increased permeability 
with weathering are often characteristic. Certainly, it is not applicable 
to the residual material weathered on the Wombarra Claystone.
Summary of Conclusions
1. Both failures are seated in weathered Wombarra Claystones with 
the slip plane probably corresponding closely to the contact with 
hard bedrock.
2. Their difference in form appears to result from the concentration 
and convergence of throughflow causing breakup of the clayey 
overburden at the southern site, in contract to the substantial 
but unconcentrated throughflow at the northern site. The hard 
bedrock probably forms a firm and impermeable base below the 
overburden, above which the throughflow occurs. The long steep
slope below the slump at the southern site hastens removal of
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the clayey flow and further disruption in the slumped area.
3. The taluvial mantle is thin at both sites. At the northern site 
it has similar index properties to the weathered claystone. It 
thus probably has little effect on the movement, and is simply 
transported by it.
4. At the southern site, movements near the headscar are not great 
enough to allow prediction of imminent extension of failure.
5. Both movements can be explained in terms of natural phenomena - 
the properties of the overburden, the slope of the bedrock surface 
and throughflow from the upper slopes - but particularly at the 







CONCLUSIONS AND IMPLICATIONS FOR URBAN PLANNING
The geomorphic controls on the ILlawarra escarpment appear 
relatively simple - sequences of nearly horizontal beds of sandstone 
and claystone, few major displacements along fault lines and a humid 
temperate climate. Lithological contrasts have been seen as the major 
cause of variations both in form (for example, slope angle and width 
of the coastal plain) and in stability of the escarpment slopes. Taluvial 
deposits masking the bedrock outcrops have been interpreted as Quaternary 
talus or as the products of landslides from scree slopes during former 
wetter periods^. Yet no major present-day scree slopes exist and the 
differing characteristics and distribution of the deposits indicate 
differing modes of formation. Nor do lithological contrasts along 
satisfactorily explain the form and stability of the escarpment, as 
this interpretation ignores the marked spatial variation in surficial 
slope materials and also in other factors, notably surface runoff. The 
following paragraphs outline the relative importance of the slope pro­
cesses acting on different parts of the escarpment. Particular emphasis 
is of course given to the origin, location and stability of the debris- 
covered slopes.
At the crest of the escarpment, the sheer cliffs of Hawkesbury 
Sandstone are maintained by joint collapse due to undercutting along the 
Bald Hill Claystone beneath them. Only a few narrow rockfalls however 
can be seen in the study area and the much larger Dombarton fall 1
1. Neverthless there is little supporting evidence for recent major 
change. Walker’s (1962) suggestion of former arid phases on the 
South Coast has been challenged by Young (1968) and, as pointed out 
in Chapter 2, factors other than past pluvials may have led to the 
Type M deposits.
-151-
Ccf Plates 1 and 3) may have been partly due to mining. Contemporary, 
or even very recent, rapid and widespread retreat of the clifflines is 
not occurring and no significant accumulations of scree were found within 
the study area. Rather the steep Bulgo Sandstone slopes below the cliffs 
appear to be weathering-limited, with mass movements from them involving 
weathered bedrock or very thin soil cover. The slopes are not cut by 
well-defined channels and the high runoff (some 1,000 mm/year) must 
move mainly as slopewash. This may explain the slow rate of cliff 
retreat because undercutting of the cliffs and oversteepening of the 
slopes below them would be greatly accelerated if erosive force were 
concentrated in stream channels.
Below the steep upper slopes, especially in the northern suburbs, 
benches occur on the lower Narrabeen Group strata. The Stanwell Park 
and Wombarra Claystones form the treads, while the Scarborough and Coal 
Cliff Sandstones underlie the rises. These gently sloping benches seem 
to be ideal sites for the accumulation of debris transported from the 
upper slopes and the thinness of taluvium (at least on the Wombarra 
Claystone bench) again indicates the low rate of debris production from 
the slopes above. In contrast to the upper slopes however, the benches 
are transport-limited. Deep-seated slumps off the bench faces disrupt 
not only the thin taluvial veneer but considerable thicknesses of clayey 
residual weathered bedrock. Shallower debris avalanches and mudflows, 
often into the heads of streams, are also common. Hence both benches 
have hummocky, obviously unstable surfaces and there is appreciable 
transport of mass movement debris across and from them.
The Type U taluvium that accumulates on the benches does so from 
numerous, small mass movements, not from major rockfalls. Its boulder 
content and soil profile characteristics vary over short distances and 
it is generally thin, unmottled and poorly structured. Limited evidence
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from Austinmer suggests that both transported and residual overburden 
materials fail on deep-seated slip planes and, as both contain similar 
high percentages of expansive and other clays, their shear strength 
properties may be very similar.
Certainly both the taluvium and weathered bedrock have very low 
permeabilities and poor drainage. Streams on the benches follow tortuous 
and sometimes blind courses and the network of well-defined channels 
begins only at the eastern edge of the lower Wombarra Claystone bench.
The benches therefore appear to be subject to considerable throughflow 
and resultant high porewater pressures.
On the foothills and lower slopes below the benches, the Sydney 
Subgroup of the Illawarra Coal Measures outcrops. Lithological contrasts 
in the Subgroup are less marked than in the Narrabeen Group and many 
streams have dissected the outcrop into steepsided but unbenched spurs. 
These streams often begin, as distinct channels, on the edge of the 
Wombarra Claystone bench so the subsurface seepage feeding them and their 
oversteepening effect must contribute to the instability prevailing 
on that bench. On the Coal Measure spurs, steeper slopes and a better 
developed stream network reduce throughflow but instability is commonly 
caused by activity eroding streams oversteepening clayey slopes.
It is these Sydney Subgroup slopes which are generally mantled 
by mottled, bouldery Type M taluvium. This material is clearly relict, 
as it is dissected and left perched on outlier hills and crests of spurs. 
Its coarse, red-white mottling indicates a long period of stability and 
weathering, while its low sub-slide angles, long distance of travel and 
high boulder content suggest very energetic modes of deposition. Because 
scree slopes do not occur on the escarpment, failure of the steep upper 
slopes under previously wetter or more tectonically active conditions is 
postulated. Whatever their origin, again the Type M deposits have matrices
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as clayey as the underlying bedrock and there is generally no break of 
slope at the taluvium-bedrock contact on the hillside.
Through the height of the escarpment, therefore, the steep slopes, 
clayey overburden (both residual and transported) and high runoff 
(whether channelled or not) lead to instability. But the most important 
controls on slope form and stability differ. They are:
- on the cliffs, strong vertical jointing and undercutting along 
less resistant claystones
- on the steeper upper slopes, outcropping of quartzose sandstone 
and unconcentrated slopewash
- on the benched slopes, incompetent claystones and taluvium 
affected by subsurface throughflow.
- on the spurs, active stream erosion and again strata and taluvial 
cover with low shear strength.
The role of the taluvial deposits in instability is not always clear. 
Failures on taluvium-mantled slopes may disrupt only the mantle but 
frequently seem to be seated in the underlying bedrock. Nevertheless 
the dissected relict Type M deposits indicate large, very energetic 
movements in the past, while the Type U accumulations testify to con­
temporary activity. Certainly slopes mantled by both Types are often 
broken by landslips and, because of this close spatial association, 
must generally be regarded as potentially unstable.
Development of Landslip - Prone Areas
The taluvial slopes are however not always shown as marginally 
stable on the regional stability plan prepared by Bowman (1972). This 
map showed considerable areas of the escarpment as Zones 1, 2 and 3 - 
land with no stability problems, land with minor areas of instability 
and less stable land. Most steep sandstone slopes were labelled 
"topographically unstable" and the areas of known instability as
Fig 91Revised Stability Map,
Northern  Wollongong
l ] Stable land








"essentially unstable” , but the Narrabeen Group benches were described 
as stable or having minor instability and many of the Type M taluvial 
slopes as Zones 2 or 3. Hence the conclusions stated earlier require 
modification of the 1972 plan.
Unfortunately the criteria for Zones 2, 3 and 4 are not clearly 
defined and the distinction between "topographically" and ’’essentially” 
unstable ground seems unnecessary. In these respects, Bowman’s zoning 
is more subjective and more difficult to apply than that of Stevenson(1975), 
which gives more specific definitions for the Launceston situation. 
Nevertheless Bowman’s system has been retained here to avoid unnecessary 
confusion.
On Fig. 9:1, therefore, the zone descriptions are as given by 
Bowman but the following changes to his stability boundaries have been 
made:
1) all Wombarra Claystone, Sydney Sub-group and taluvial slopes have 
been marked as Zone 4 - moderately unstable land - because of the 
many landslips identified on them.
2) the Stanwell Park Claystone outcrop has also been zoned as 4, 
because of the danger of rockfall, its poor drainage and its 
hummocky topography.
3) all landslips identified in the field since 1972 or on aerial 
photographs have been marked as Zone 6 - essentially unstable land. 
These revisions have greatly increased the area of Zone 4, in
which comprehensive investigation before development is clearly necessary, 
and of Zone 6, in which development is undesirable. Zone 2 in fact no 
longer appears on the map and Zone 3 occupies a very small area. Though 
the revision is substantial, it is in keeping with the widespread and 
damaging failures that have occurred, often in Zones 1-3, since publication 
of Bowman’s work. It must be emphasised that, as for the earlier map,
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the zones show only the likelihood of slip within their boundaries and 
cannot be used to specify the stability of particular blocks. Since 
1972, the regional map has sometimes been misused to define individual 
blocks’ stability and the revised map (Fig. 9:1) is presented only at 
a relatively small scale to discourage further such misinterpretation.
It must also be stressed that embracing large areas as Zone 4 does not 
not imply that all that area is inevitably subject to slip. Zoning as 
’’moderately unstable” means that the risk of failure is unacceptably 
high if construction is undertaken without thorough investigation and 
due precautions. The failures in recent years demonstrate the reality of 
this risk in the re-zoned areas.
Previous Responses to Landslip in Urban Wollongong
The Wollongong community has not generally perceived or reacted 
constructively to landslip problems - a situation common elsewhere for 
this and other natural disasters (Burton and Kates 1964, Parkes and Day 
1975, Dumontelie et.al. 1971, O’Riordan 1973). People whose property 
has been damaged have had little alternative but to accept their loss 
unless they could prove fraud or negligence in relation to their purchase. 
No insurance against landslip is available and the only help proferred 
was from the Wollongong City Council which had a small sum available 
for compensation and could take over affected land (for a nominal sum) 
to relieve the owners of rate payments. Some minor reductions in 
valuation were allowed by the Valuer-General.
The Council has had power to prevent building on unstable land 
since 1961. Since 1970, an amendment to Section 333 of the Local 
Government Act has allowed stability to be considered as a factor when 
assessing development applications and Bowman’s (1972) study provided 
the basis for such consideration. Geotechnical reports by qualified 
consultants have been required with development applications in suspect
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areas but there seems to have been little assessment of these reports 
by Council. Unfortunately too it was not until mid-1974 that the public 
nature of Bowman’s report became widely known (Illawarra Daily Mercury 
28/6/74).
Action to prevent or halt landslips is often difficult because 
several parties (including both private owners and public authorities) 
are usually affected. As Amaral (1975 p.324) points out, joint action 
is hampered by ’’physical interference of houses, roads, retaining walls 
etc. to any remedial works as well as the very difficult legal problems 
and perhaps the almost impossible task of achieving general agreement 
on an acceptable course of action”.
Requests to the New South Wales State Government have been met 
by the comment that landslip was not a natural disaster so no compensation 
could be paid to the owners of slipping land. Yet compensation is avail­
able for flooding, which is classed as a ’’natural disaster”, even when 
it results from unwise development. Such a distinction still escapes 
this writer, especially since the responsible Minister commented that 
”It cannot be argued that certain landslips result from the occurrence 
of natural processes (though) there is evidence of landslips having 
occurred because of inadequate works such as filling and excavation”. 
(Minister for Local Government, pers. comm. 7/3/1975.)
This attitude contrasts markedly with that of the Tasmanian State 
Government in power at the time of the major landslips in Launceston in 
1958-61. There, owners of permanently occupied dwelling houses were 
compensated with 75% of the valuation of the land and houses, the land 
then passing to City ownership. After further movements in 1970 and 1971 
compensation was again paid, though not to those ’’who knew or ought to 
have known” the land was subject to movement before buying. Further, 
the Local Government Act (1962) in Tasmania was amended to allow
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proclamation of landslip areas and regulations were made about 
construction and drainage control in slip-prone areas (Stevenson 1975).
As with Bowman’s study for Wollongong, landslip-prone areas in 
Launceston were mapped as zones of relative stability. These maps 
were published, made freely available,and explained to community groups 
by competent geologists; the zonings were tied to specific building 
codes; and the Geological Survey was instructed to continue with sub­
surface investigation and refinement of the maps (Stevenson 1975). Thus, 
largely as a result of State Government initiative, but certainly with 
co-operation from local councils and professional groups, the action 
taken in Launceston has been far more positive and public than in 
Wollongong. It falls short, however, of the controls placed on unstable 
land in many areas of California where detailed grading codes are in 
force requiring investigation and supervision by both engineering 
geologists and soils engineers throughout all phases of development.
As a result most councils there employ staff specially qualified in slope 
stability control (Scullin 1966).
Clearly such close control is expensive. Proper investigation and 
supervision involves several specialist professions and many techniques - 
aerial photographic interpretation, field inspection, drilling, correlation 
of borehole data, tracing of subsurface water flow, drainage design, 
stability analysis, compaction of placed fill and so on (see Leighton 
1966, Ingles 1974, for excellent, detailed accounts). However, these 
measures can achieve a major saving for both individual homeowners and 
the community. D’Alfors et. a.lmj (1973) analysed the history of hillside 
lots which failed in the City of Los Angeles in major storms during 1969 
and presented the following comparison:
a) 10,000 were developed before 1952 when no grading ordinance was in 
effect. 10.4% of these failed at an average cost of $330 per
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developed hillside lot.
b) 27,000 were developed between 1952-1962 when grading ordinances 
required soils engineering but little geological evaluation. 1.3"» 
failed at an average cost of $100.
c) 11,000 were developed after 1963 when soils engineering and 
engineering geology were required through all phases of development. 
Only 0.15% failed at an average loss of $7 per developed site, a 
remarkable contrast to the pre-1952 figures.
They state (D'Alfors et. al, .1973 p.8) that "the benefit cost 
ratio for an effectively enforced grading ordinance is estimated to 
be about 9:1 .... (and) losses can be reduced by 90% or more by a 
combination of measures involving geological investigation, engineering 
practice and effective enforcement or grading ordinances". Of course, 
complex legal problems have arisen with the codes, as the courts ceased 
to regard landslip as "an act of God" and considered it the responsibility 
of developers and the determining authority (D’Alfors et. al.,1973 p.28). 
However, there has been great saving to the community, greater protection 
for homebuyers and a responsibility on those buyers to maintain drains 
and other stabilising measures (Moresco 1966).
No estimate of loss due to landslip in Wollongong has been attempted. 
However, ten houses destroyed, fifteen severely damaged, many others 
threatened or slightly damaged and roads and services interrupted 
obviously add up to a substantial sum. To this must be added the severe 
emotional strain of watching a home and life-savings destroyed, of 
possible bankruptcy, of perhaps living for years in a home that cracks a 
little more in each rainstorm, of conflict between the need to maintain 
drains or shore up walls during wet weather and the need to maintain a 
regular job, of finding oneself almost helpless in the completely unfore­
seen situation. The Californian experience and the positive steps taken
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by the Tasmanian State Government show that careful planning can lead 
not only to minimising such hardship but also to substantial community 
savings.
This thesis has sought to extend the work of previous authors, 
notably Bowman, by considering the characteristics and stability of 
debris-covered slopes and by identifying the slope processes operating 
on the escarpment. It is clear that further research is needed, part­
icularly into porewater pressure development and the engineering properties 
of the slope materials. It is equally clear that the avoidance of the 
natural hazard of landslip in urban Wollongong lies in rigorous invest­
igation of all proposed developments on the escarpment and avoidance of 





LANDSLIDES IDENTIFIED FROM AERIAL PHOTOGRAPHS
1651 South Coast Catchment Series. Scale = 1/17,040. 14'200 ft. A.S.l 
10" lens, 8.11.51
Run 9 : 509:- 28-28. Coalcliff - Amphitheatre
1) Shallow sinuous-form shaped slide off bench west of railway just 
north Coalcliff Railway Station
2) Narrow chute W of, a broad scar E of, road at S of northern 
amphitheatre
3) Narrow chutes on south side of S amphitheatre
41 Above mine, off upper track to dam, shallow wide headed slide
5)
Run 10 : 508:- 125-129. Clifton - Wombarra
6) Large shallow failure of W rail batter
Many narrow chutes below road between Clifton Hotel and Scarborough 
Primary School.
7) Narrow shallow chute, starting at top of W rail cutting, across 
rail and road to sea.
8) Spill over mine railway from NW cutting
9) Short narrow fall from base of Rh cliffs
10) Series of short narrow shallow slides off side of spur
11) On W rail batter at Denmark Street (probably also just N, on low 
batter).
12) Short shallow chutes off face of the bench below Morrison Avenue.
13) Above Denmark Street, broad shallow failure off S and possibly N 
edge of spur.
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Run 11 ; 508:- 121-124 - Wombarra - North Anstinnier
14) Series of broad shallow failures off Rnsc bench face
15) Short chute, just below Sublime Point
16) Apparent very large failure in W rail batter spilling material 
onto and across line, just behind Long Point.
17) Opposite top of Asquith Street, series of slides off face of 
Rnsc bench.
18) Same thing just south above Foothills Road track. Multiple 
scars along Foothills Road, but these may be clearings.
Run 12 : 508:- 65-70 - Austinmer - Bulli Point
19) Large flow, deep-seated, down the valley S of Mountain Road spur. 
Fresh headscar.
Can see old hummocky topography etc. beside Thirroul Primary School.
20) Major hillside deformation just N of Bulli Pass.
21) Series of slides off face of Rnsc bench.
Run 15 : 508:- 59-64 - Bulli Pass - Woonona
22) Two broad slides off face of beach just below Elbow on Bulli Pass.
23) Scarring or slip at head of creek just S of Excelsior B Colliery. 
Considerable disturbance of land below the colliery, but origin 
uncertain.
24) Minor chutes at S edge of head of valley N of Popes Road
25) Off bench above Gahan’s Road, long narrow slide with clear tension 
cracks, to the NE.
26) Shallow, narrowing downwards, slide off face of spur, N side of 
Gahan’s Road Spur.
27) Large deep failure off N facing slope above the end of Gahan's 
Road. Scattered small slides on bench below scarp crest and along 
Rnb face at top of scarp.
28) Movement of N facing slope - probably slump - near Gray's Road
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and Pendlebury Brick Company
Run 14 : 508:- 1-7 Rixon’s Pass Road - Russell Vale
29) Deep slumping of N and S facing slopes at head of creek just S of
Rixon’s Pass Road.
30) Small slump behind house N of Rixon’s Pass Road.
31) Deep elliptical slide beside house at top of Robson’s Road. 
Considerable erosion of tracks near South Bulli mine.
Run 15 ; 507:- 62-68 Russell Vale - Fern Hill
32) Very broad shallow failure just N of house, above it, at end of
Francis Street.
33) Small short shallow failure off Bulgo face.
34) Slope hummocky but not broken below Mt. Pleasant Colliery
35) Extensive shallow failure of S slope above creek in present Pleasant 
Gardens.
36) Long deep elliptical slide into creek below Rose Parade.
37) Extremely large area of slides and mudflows into creek behind 
Paradise Avenue.
Run 16 : 507:- 1-8 Balgownie - Mt. Keira Road
38) Deep slump flow of cohesive material into creek N of New Mount 
Pleasant Road.
39) Shallow narrow slide into creek south of N.M.P. Road.
40) Disturbance of ground in corner between N.M.P. Road and Broker’s Road.
41) Deep broad slide cut well back W of Mt. Ousley Road. Ground on 
downhill side of Mt. Ousley Road disturbed.
42) Failures N and S of N.M.P. Road overpass on W batters of Mt. Ousley 
Road.
43) Opposite Pindari Street, a broad elliptical failure into creek.
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Run 17 ; 503;- 156-164
44) Shallow slide off top of spur E of Kemira Colliery.
Large area SW of Mt. Keira Road, around the Morandoo Avenue area, 
which could be a very large old flow deposit. Drainage and 
topography are very irregular.
Multiple scars and slumps around Mt. Nebo and towards Mt. Kembla.
July 1963: Wollongong - Port Hacking Series - 16,500 feet a.s.l.
3755Scaie = » = 1/44,000
16,500
Run 1W: 1186:- 5002-5006 Coalcliff -Scarborough
1) S side of N amphitheatre - long, narrow fall = 1951 (2)
2) S side of S amphitheatre - broad fall/slide = 1961 (3)
3) ? - unclear, but very high reflectivity, therefore could be 
e 1951 (6)
4) = 1951 (7)
Again many chutes off sea cliff below Scarborough Hotel.
5) Small scar almost hidden by trees on W railway batter just N of 
S Clifton Colliery
Run 2W : 1186:- 5037-5040
7) = 1951 (16)
8) ? large reflective area - maybe artificially disturbed. A lot of 
disturbance round Excelsior Colliery site and George Avenue, but 
could be demolition/construction (respectively) work.
9) Broad deep failure into creek at end of Joanne Street 
Run 3W : 1186:- 5044-5046
10) = 1951 (29)
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Run 4W ; 1186:- 5092-5094
11) = 1951 (37) - flow scars still clear below Paradise Avenue.
Mt. Ousley Road scars at least grassed. Little movement apparent.
(These slides identified from the 1963 photographs are not shown on
Fig. 2:5 ).
1966 November - 6,000 ft. a.s.l. 209.74 mm lens. Scale = 1:8720
Run 2 : 1466:- 5158-5163_____Stanwell Park
69) Very minor movement N of Coalcliff Railway Station.
Run 3 : 1466:- 5170-5176 Scarborough School - Coalcliff
65) Many narrow chutes off sea cliffs both N and S of the school, and a 
deeper slide off the cliff just S of the school.
66) High cutting above Coal Bay highly reflective - maybe surface move­
ment.
67) Several chutes off Sthn. amphitheatre.
68) Prominent chute of Sthn. end of N amphitheatre.
Run 4 : 1472:- 5029-5034
63) Severe rilling and surface slip on rail batter just N of Clifton 
Colliery.
64) Slopes facing N on lower end of Denmark Street spur show minor 
movement.
Run 5 : 1472:- 5044-5050
61) Denmark Street and small batter to the N show surficial movement.
62) Just N of Coledale Hospital, slope behind houses and slope between 
houses and the hospital are unstable and terracetted.
Run 6 : 1472:- 5075-5083 Morrison Avenue
52) Large amphitheatre of unstable ground below Morrison Avenue, before 
second bend N of Cater Street, with area above Morrison Avenue also 
suspect.
53) Instability at head of creek on first bend N of Cater Street.
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54) Broad scar and some movement off face of bench below first bend N 
of Cater Street.
55) Unstable seepage hollow at Cater Street/Morrison Avenue sthn. corner.
56) Slopes just S of the mine disturbed but could be artificial.
57) Movement on and above large western rail batter opposite Long Point 
= 1951 (16).
58) Clearing and erosion at head of creek below Buttenshaw Drive bend.
59) Nthn. site (Chapter 8) clearly unstable with a rotational broadheaded 
slump on S side and movement (probably a creek) on the lot itself.
Some bank collapse of creek, below the block, and E slope does not 
seem as steep as at present.
60) ? shallow erosion or movement or clearing off E side of Buttenshaw Place.
Run 7 : 1472:- 5131-5158 Thirroul Station - Sublime Point
45) Topography of land N of Thirroul School, below Phillip Street, very 
hummocky. Minor movement into creek at NE corner of school land, 
near Sea Foam Street.
46) Ground S of Mountain Road hummocky and has some surface movement =
1951 (19)
47) Broad slump off S face below Hill Street, near the corner.
48) ? minor instability off face of bench along from Foothills Road.
49) Small slide off steep slope at old Central Colliery site
50) Slide (small) above Buttenshaw Drive. Could be two slides but top 
one seems to be an excavation.
51) Small slide below Buttenshaw Drive, S of Buttenshaw Place.
Run 8 : 1472:- 5165-5165 Thirroul Station - Slacky Flat
Run 9 : 1472;- 5251-5242
34) Shallow movements over most of N facing slopes below Carole Avenue 
and Gahan’s Road.
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35) Surface movements on both steep face and larger slopes of 32.
Ridges clearly visible as are the two slides .
36) Some damage to Alanson Avenue and whole slope down to creek very
hummocky.
37) Several shallow slides off lower side of Alanson Avenue, near a house
38) ?shallow slip or erosion off spur above the brick put.
39) Debris over road and kerb disrupted in Cope Place.
40) Slide into head of creek at top of National Avenue.
41) Shallow instability round N facing amphitheatre above George Avenue,
and on both sides of the valley in the bench above this.
42) ? disturbance of E facing slope to the S of George Avenue, below
National Avenue.
43) Broad deep slide above creek S of George Avenue.
44) General shallow instability and slide into head of creek on cleared 
ground S of Bulli Pass = 1951 (23).
Run 10 ; 1471:- 5064-5087 International House site - top of Bulli Pass
1) Shallow series of slides on S face of spur above Robson Street.
2) ? deep hollow above Lyndon Street - could be excavation rather than 
slide = 1951 (31) but extended to cut the ridge.
3) Deep well vegetated slide off N facing slope above Lyndon Street
4) Broad shallow slide off escarpment face above South Bulli Mine. 
Considerable instability and siltation associated with pithead 
dumping etc.
5) Minor shallow movements off scarp face and on cleared bench S of 
Rixon's Pass Road ending.
6) = 1951 (29) - movement is deepseated below the farm and on both 
S and N facing slopes above creek, a lot of broken grass cover.
7) Terracetting and broken ground below house at top of Rixon’s Pass
8) Minor slip off scarp face above house.
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9) Deep slide below house on N side of Rixon's Pass Road (near (30) 1951)
10) Movement on meander loops on creek = 1951 (28)
11) Narrow movement to N off bench above Gahan's Road = 1951 (25)
12) Minor slides into creek on S facing slope just below houses on 
Gahan's Road. Slide at end of Joanne Street now grassed - some trees. 
A lot of rilling off end of sub-division and several narrow slides.
See also Run 9 : 5235.
13) ? seepage zone and tension cracks (?) between Joanne and Joseph 
Street.
14) Small elliptical slide.
Run 11 : 1471:- 5096-5108 University - Brokers Nose
15) Small elliptical movement off forested slope at top of Rixon's Pass.
16) Two narrow chutes just N of Brokers Nose from below cliffline.
17) Small chutes to the SE from slope up to Brokers Nose.
18) Slopes on side of creek down to Balgownie from N.M.P. Road not 
broken but appears unstable.
19) Some indications of failure on N batter of Prince's Highway.
Run 12 : 1471:- 5186-5195 Mt. Ousley Road - Pleasant Gardens
20) Slide of S face into end of cul-de-sac
21) ? possible slide up track spur above Keiraville
22) Surface movement visible on Mt. Ousley Road major scar.
23) Slide into head of creek on first major bend in Mt. Ousley Road,
S of end of Broker's Road.
24) Surface movement on slope above batter below the overpass
25) Renewed activity of flows with a broad 'head' behind Paradise 
Avenue = 1951 (37).
26) Renewed activity of the toe area of a large deep-seated slump on 
the N face of Rose Parade spur. Some movement apparent in the 
broad head of the slump, which is tree covered = 1951 (36). Head
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scar also apparent and tree covered in 1951.
27) Series of shallow short slides at Mt. Pleasant Colliery site.
28) Flow from head of creek almost to the dam below the colliery site 
= 1951 (34).
Run 13 : 1473:- 5045-5055 Keiraville to Top of Mt. Ousley Road
29) Shannan Crescent above second bend - well defined slump in a 
seepage hollow. Also some instability above first corner.
30) Large slide above Mt. Keira Road from bend, before Diggers R.H. 
corner.
31) Narrow chute below southern lookout of Mt. Keira. Also a breach 
in tree cover below east face.
32) Very large old flow off bench above Parrish Avenue.
33) Instability off faces of cleared benches above Mt. Ousley Road.
1974 (April) Wollongong I.S.G. Series. Flight height 7726 m. 151.45 mm
lens. Scale 1:51014 (Note: failures already identified are not shown
on Fig. 2:5).
Run 2 : 2215:- 130-132 Helensburgh - Scarborough
1) Narrow chute onto railway line N of Coalcliff Station from above 
beach. Same site but different movement to 1951 (1).
2) Severe cutback of S side of N amphitheatre, mainly above the road. 
Extension of 1951 (2)
3) = 1951 (3)
4) Slide above Coal Bay, N of Clifton.
5) Two dark patches of road repair between Clifton and Scarborough 
Primary School. Slopes both above and below the road are disturbed.
6) Scars on sea cliff below Scarborough Hotel. = 1966 (65)
7) Major disturbance of bench just N of S Clifton Colliery = 1966 (63) 
but greatly extended.
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8) Small rockfall off sandstone - above last bend in Morrison Avenue.
9) Sinuous chute and rockfall above and to S of Denmark Street
10) = 1951 (11) minor movement of W batter
11) = 1951 (16) batter, and spur behind it up to Buttenshaw Drive, 
disturbed.
12) Behind house on Buttenshaw Drive N of Buttenshaw Place. Curved 
area that looks like a slip scar following spur contour.
13) Movement of E rail batter behind Maxwell Road.
Minor movement off slopes below Sublime Point and behind nthn. site.
14) Straight flow into creek behind S. site just S of Buttenshaw Place.
15) Curved trace of debris of S end of highly disturbed Foothills Road 
extension site. Probably a flow but could be disturbed material. 
Rilling and erosion at site of old Excelsior No. 2 buildings and 
railway.
16) Shallow slides on bench above Nardoo Avenue. Disturbance above 
Armagh Parade is a cut channel to direct drainage.
17) Shallow long movements running across slopes S of Bulli Pass
18) Slight road disturbance on flat of Bulli Pass below Elbow.
19) Shallow movement of sides of valley above National Avenue, facing NW.
20) Broad movement off side of valley N from National Avenue/George Street 
comer.
Run 3 : 2215:- 106-109 Coalcliff - Bull! Pass
 ̂ Disturbance N of Yenda Street and of George Avenue probably 
 ̂ slide but could be clearing activities
Z  Z  J  J
23) Narrow chute and broader shallow movement near Bulli Colliery Dam.
A lot of reflection round Cope Place, Highlands Avenue, Stuart Place 
but slides not clearly distinguishable from clearing for construction
purposes.
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Run 4 : 2215;- 87-93 Bull! Pass - Mt. Ousley Road
24) A narrow chute off scarp face above Gahan's Road.
25) Minor movement on edge of top bench above Gahan’s Road = 1951 (25)
26) Minor movement into creek just North of Gahan’s Road = 1951 (26) 
but more minor.
27) Minor movement off spur above Pendlebury Brick Company.
28) Deep slumping off spur S of Rixon’s Pass Road - 1951 (29).
29) Flow below house at top of Rixon's Pass Road
30) Some instability of low angle ground at site of old Corrimal Colliery 
buildings. Scars of old flows below Paradise Avenue still visible 
(1951 (37)). Scars on Mt. Ousley active.
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APPENDIX TWO
LANDSLIPS RECORDED BY THE ILLAWARRA (DAILY) MERCURY 1879-1974
1879 - January 7
Coalcliff - landslip of "considerable dimensions" within past few 
days immediately to north of the tunnel and jetty of the Coal Cliff 
Colliery - approximately 200 tons of earth, stone etc.
1881 - October 28
Heavy slips between Clifton and Judge Hargrave’s Residence 
1884 - April 19
Mt. Ousley Road impassable - no reason 
1890 - February 22
Bulli - avalanche, crushed forest vegetation, no other damage. 
General instability of rail cuttings along foothills
- February 27
Campbell’s Cutting at Bulli - heavy slip.
Austinmer between Clifton two heavy subsidences 
Slip on Bulli Pass Road 
Slip near Bulli Lookout.
- March 13
Clifton - cliff just south of
- slip at base of mountains 
Strong rains especially around Bulli 
Bulli Road impassable 
Slips at Clifton
Slips "started" near Clifton and Austinmer; working in towards 
railway line.
- March 18
Continuing signs of movement seawars along the Illawarra line. Near
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Clifton slip signs appear superficial as near Scarborough Hotel, 
adjacent to S. Clifton Station, country is unaffected - no 
indication signs on hotel walls.
Largest slip on Illawarra line is located 200 yards beyond S. 
Clifton, on the uphill side of railway; movement accompanied by 
subsidence - cause of the slip was "undoubtedly the railway cutting" 
plus water, moving to spot of least resistance. Mainroad between 
N and S Clifton stations main road fallen 4 feet (subsidence)
Slip adjacent to N. Clifton platform - boulder/clay conglomeration. 
Small houses moved by settlement at Clifton.
1894 - March 22
Clifton - road around cliffs completely blocked by 100’s of tons of 
rock. Road behind railway station slipped and house near fence 
in imminent danger.
- March 24
Rain at Tarrawanna l/24th = 24.18"
1895 - February 9
Clifton - South Coast Road blocked in many places by landslips.
- February 14
Mt. Kembla - Heavy Rain
- Heavy landslip on the track leading from the township 
to Mr. Frost's farm on the top of the mountain.
- Many other landslips 
Clifton - Several slips around the cliff
1897 - June 22
Slips along rail line Bulli to S Clifton 
1911 - January 16
Scarborough - railway sidings slipped
- large land slide (position not indicated)
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Kembla Heights - huge landslip
Coalcliff - ’’torrents of water and debris” falling from cliffs above 
coal tunnel 
1912 - July
Landslips showing in many places around Mt. Keira.
Landslips on Corrimal colliery tramline.
1917 - November 23
Mt. Keira - large stones falling from peak, including one weighing 
40 tons
1919 - June 22-24
Mt. Pleasant - number of landslips along mountain 
Macquarie Pass Road - several bad slips
1921 - May 6
Clifton - landslip, 1 mile above Clifton, approximately 100 tons 
of rock.
1922 - July
Scarborough - huge landslide, back of the Tunnel Mine 
1925 - June
Heavy rain caused landslips around Coledale station 
1955 - January 27
Big landslide at Mt. Pleasant at the rear of Mr. Buckley's home 
on the heights of Mt. Pleasant. A flat at back of house saved 
the home. Rainfall 1,585 points in 2 days.
1955 - April 7
Heavy rain caused slips across rail lines near the tunnel - cross 
country line.
1954 - January 12
Cordeaux 11: rain in less than 24 hours.
Landslide between Mt. Keira and Mt. Kembla
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Houses moving at Wombarra and Scarborough - Main Road Wombarra / 
railway land.
1945 - November
Heavy rains caused large scale washaways on lower South Coast 
Road between Bald Hill and Coledale. Portions of road near 
Coledale Hospital collapsed into the sea. Also coast road at 
Scarborough.
1949 - June
Fall of earth and stone onto railway line near Wombarra Station. 
Lower South Coast Road blocked by landslides near Clifton Hill.
Bulli Pass closed by landslides. Coledale and areas further 
north affected - road slips.
- July 21
"A bus passenger shelter shed opposite the Coledale Hospital has 
sunk nearly two feet due to the movement of the land between the 
Lawrence Hargrave Drive and the ocean during the recent heavy rains" 
Mr. R. E. Glastonbury, chief city engineer reported to Monday's 
council meeting .... "in places north of the Coledale Hospital 
pavements are showing cracks and subsidence which are caused .... 
by the unsuitable soil becoming water-logged and partially fluid" 
.... Said that he couldn't suggest a remedy and the Council 
suggested that residents on the foreshores of Scarborough and 
Clifton contacts local M.P.'s "as the matter is outside the juris­
diction of council".
1950 - March 15
2 serious landslides onto South Coast lines - between Coalcliff and 
Scarborough and between Dumbarton and Summit Tank.
1954 - July
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Subsidence of the line between Clifton and Austinmer especially at 
Wombarra Station.
1950 - April 5
Line is subsiding especially between Coledale and Scarborough.
At Wombarra h. the platform has fallen away and one line is 
suspended in the air.
1950 - April 6
General subsidence in Scarborough-Wombarra area. Three Wombarra 
families have evacuated their homes. Two houses near Coledale 
Hospital on Main Road were evacuated. At Clifton a 10-ton boulder 
crashed into Mr. L. Williams* home. The railway line at Wombarra 
sank another foot. Half the platform was cut off and allowed to 
fall away.
1950 - April 8
Thursday's torrential rain caused floods and landslides all over 
the Illawarra. 9" between 9 a.m. Thursday - 9 a.m. Friday at 
some places. Complete blockage at Clifton Hill where the whole 
road subsided.
1950 - April 8
Trains running to Sydney but very slowly because of washaways in 
Thirroul-Coledale area. Only Mt. Ousley Road is safe, Bulli Pass 
is partially blocked and the Coast Road is impassable. Macquarie 
Pass blocked at the Pass. Picton and Cambelltown-Camden roads are 
flooded. Road to Kiama partly blocked by a fall of earth near 
Kiama.
Tons of falling rock, trees, earth and water have rendered the 
South Coast Road impassable .... 200 yds north of Clifton it is
1950 - April 1
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total ly blocked .... damage to the bitumen surface is extensive.
Road at Wombarra twisted and torn. Just north of Scarborough Hotel, 
half road gone for 30 yards.
*
Wombarra Heights - house further threatened by subsidence. On 
Thursday night 30 ft. of cliff wall behind the village was dislodged 
Many houses are being dismantled to salvage materials.
1950 - April 10
Landslide cut the main water pipe of Bellambi Coal Co. in three 
places.
1950 - April 20
"Although all landslides have stopped since the heavy rains ceased, 
over 100 extra men are still working on the Illawarra line fighting 
the new menace of eruptions .... when the crust of the earth has 
been weakened, instead of falling away .... it contracts and forces 
its way upwards. About 300 yards of the upline between Austinmer 
and Coledale is affected .... between Moss Vale and Unanderra .... 
there were many danger points .... and large boulders continually 
slipped onto it (the line)".
1950 - May 18
The two-storied brick portion of Thirroul Public School to be 
auctioned for demolition because of large cracks due to subsidence 
after heavy rains.
1950 - May 20
Conference of N.S.W. Government experts, State legislators and 
Wollongong Council officials met to discuss the Wombarra-Scarborough 
subsidence and decided "there was no engineering solution to the 
problem" because it was caused by the geological formations. The 
problem was a stratum of clay subsoil. "The Scarborough ’greasyback 
has been a problem to residents for many years but first caused
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extensive damage to homes and other property during heavy rains 
this year. A number of Wombarra and Scarborough residents have been 
forced to abandon homes which have been badly damaged by subsidence. 
Roads and electric services have also been damaged after each 
heavy rain".
1950 - June 13
400 ft. of Mt. Ousley Road dropped about 18" yesterday. D.M.R. 
workers tried to build it up with gravel but had to close it. The 
drop is about half way up the Wollongong side of the mountain.
Earth has slipped away in two 200' stretches separated by about 
12 ft. of solid road. The cliff falls sharply from the road on the 
eastern side. There are 18" scars at the heads and the road is 
buckled and cracked.
1950 - June 17
Large landslides and subsidence at Austinmer-Otford area. Moss 
Vale line closed. Only Bulli Pass Road open, with Mt. Ousley Road, 
South Coast Road and Macquarie Pass Road closed. 334 points from 
9 a.m. Thursday to 9 a.m. Friday at Smith’s Hill, 270 points falling 
overnight.
1950 - June 22
Further subsidence on Lower Coast Road and landslides on railways 
especially between Scarborough and Coalcliff. Road badly affected 
up Scarborough Hill, in Frith Street, Wombarra. A stone retaining 
wall on Lawrence Hargrave Drive near Monash Street is bulging.
Crack 200 yds. long has subsided 4-5 ft. near Scarborough Hotel.
1950 - June 23
All traffic off Illawarra line because of major washaways at 
Scarborough, Stanwell Park, Wombarra and Austinmer.
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1950 - June 26
Rail services resume but Mt. Ousley Road still closed between the 
overpass and Prince’s Highway. Bulli Pass is open.
1951 - June 27
Mt. Ousley Road newly blocked by a landslide. Some boulders over 
3 feet diameter. Near the summit of the climb. No trouble on 
railway between Otford and Austinmer. 150 pts. at Smith's Hill. 
1951 - July 1
Bulli Pass open, Mt. Keira Road for light traffic, Mt, Ousley on 
upper section for light traffic.
1951 - September 26
Small slide on Mt. Keira Road; Mt. Ousley and Bulli Pass O.K.
1951 - April 15
Torrential rain caused two washaways on the Illawarra line, one 
near Scarborough and one between Unanderra and Depto. Landslide 
on Moss Vale line also.
1952 - June 16
Line undermined at Scarborough. Landslides covered the line at 
Stanwell Park. Landslides and washaways extend 7 miles towards 
Moss Vale from a few miles past Unanderra and debris is up to 10' 
thick. Pt. Kembla 503 points in 24 hours to 9 a.m. Lawrence 
Hargrave Drive closed on 2 previous days due to fall of silt and 
boulders at Coalcliff and Clifton.
1952 - June 17
’’The Lawrence Hargrave Drive near Scarborough .... has subsided 
18 inches and is slipping towards the sea".
1952 - August 9
"Landslip drives three Coalcliff families from homes!" Five houses 
have been undermined. They are less than 60' from the cliffs.
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Outhouses "have shifted up to 20* this week. They stand at 
craggy angles among the debris". Cracks up to 2' wide. One resident 
said the slips began during floods "two years ago last June when 
parts of backyards and fences literally disappeared overnight".
One house 2" off foundations and another dropped 2'.
1953 - May 9
Road and railway at Scarborough undermined.
1953 - May 11
150 ton landslide about 1 mile south of Waterfall station.
1955 - February 26
Road has subsided over a foot for 50 ft. 254 points to 9 am. Minor 
falls on Bulli Pass but no trouble on Mt. Ousley.
1955 - May 2 '
Landslides blocked Macquarie Pass. 548 points at Port Kembla to 
9 a.m. on 1st. 100 ton landslide onto rails 400 yds. south of 
Scarborough station. Landslides in 4 places blocked Moss Vale line.
1955 - May 3
Photo of Scarborough railway slide, looking towards Scarborough Hotel.
1956 - February 13
Photos of slide over Moss Vale line near Dumbarton which occurred 
on February 10.
1956 - February 20
Landslide on Moss Vale line. Earth fall on Bulli Pass five feet deep 
for 100 ft.
1956 - March 7
During recent rains Upper Soldiers Road, Mt. Kembla, was blocked by 
a landslide.
1957 - February 9
Fall of earth between Coalcliff and Clifton blocked \ the road.
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Photo of boulders brought onto Mt. Ousley Road by rain.
1958 - March 11
150 ton rock fall at the road near Coalcliff with blockage 22’ 
long and 5 ft. high.
1958 - March 12
Lawrence Hargrave Drive subsided (>" at Scarborough. 419 points 
to 9 a.m. on 11th at Port Kembla.
1959 - February 20
Coast road closed by falls. 1120 points at Illawarra Coke Co. in 
24 hours to 7 a.m. on 19th.
1959 - March 5
Following heavy rains the previous week, Coast Road has cracked right 
across over 100 yds. near Scarborough.
1959 - March 19
Rockfall in the amphitheatre 
1959 - March 51
Fall of mud and stone onto Lawrence Hargrave Drive near foot of 
Bald Hill climb at Stanwell Park. 300 points to 9 a.m. on Saturday. 
1959 - October 5
4 tons of rock on Lawrence Hargrave Drive near Coledale.
1959 - October 27
Photo of landslide on Mt. Ousley Road being cleared.
1959 - November 25
"A landslide at Thirroul, apparently the result of recent rains, 
has damaged the foundations of four homes in Sea Foam Avenue".
J. Vemis, 70 Sea Foam Avenue - a fortnight ago, concrete laundry 
floor dropped 8". Now the house is tilting downhill and no longer 
resting on foundations at the back. Aid. Jackson said "I understand
1958 - February 11
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that this council has no responsibility in the matter, but new 
subdivisions are taking place in the foothills of the mountains .... 
If new subdivisions are not inspected we might have thousands of 
homes in the same state through the slipping of land", (p.2)
1961 - August 29
Wide cracks and sliding towards sea of Coast Road near Clifton on 
weekend.
1961 - November 20
Fall onto railway line at south Clifton Colliery. Landslides on the 
mountain between Mt. Nebo and O ’Briens Gap damaged water supply 
lines. On 21st reported that these pushed 500' of 30" pipe downhill 
Landslides cut Mt. Ousley Road, Bulli Pass, Lawrence Hargrave Drive 
at Scarborough. Moss Vale - Unanderra line is out. Landslide at 
Wombarra blocked the railway line and continued down to also block 
the road.
1961 - November 22
Another slide in same place at Wombarra re-blocked railway.
Macquarie Pass blocked again. Damaged watermain near Nebo pushed 
down another 60'. Bulli and Mt. Ousley open, but Mt. Ousley in 
danger of further falls.
1963 - April 30
Slip on Lower Coast Road new Stanwell Park.
1963 - May 20
Fall onto coast road between Clifton and Coalcliff, debris washed 
down onto Bulli Pass. "A sunken surface on a section of the Mt. 
Ousley Road near the Mt. Pleasant overhead bridge was reported".
1963 - May 24
Three weeks of heavy rain has quickened a gradual landslide at 
Wombarra. House foundations have been undermined and fences etc.
-183-
moved, One house on the seaward side of Lawrence Hargrave Drive 
has slipped one foot in last fortnight, buckling walls and shifting 
supporting piers. It is a fibro and brick house. A house several 
hundred yards downhill is now unoccupied and during the last few 
years has moved so there is a 2'6" gap between the laundry and the 
rest of the building.
1963 - December 4
Lawrence Hargrave Drive closed by a landslide on 12th and at 6 p.m. 
on 13th.
1969 - April 16
Rockfalls on Coast Road and near Summit Tank.
1969 - November 14
Fall on Clifton Colliery railway line.
1969 - November 15
Mud and rocks across Coast Road one mile north of Clifton. "Land­
slides blocked the mountain exits from Wollongong". 50 ton boulder 
across Moss Vale line and line cut at Audley by mud and rocks. 
Landslides at between Unanderra and Dumbarton, and Dumbarton and 
Summit Tank.
1970 - December 10
Mt. Keira Scout Camp 882 points in 24 hours and Wollongong 543 points. 
Landslides blocked both Mt. Ousley and Bulli Pass.
1971 - February 6
Landslides caused by continued heavy rain closed Bulli Pass.
1971 - February 8
Torrential rain (4" in hour) and flashflood caused a landslide 
on Macquarie Pass on 6th.
1971 - February 12
House in Araluen Avenue, Mt. Kembla is sliding. Walls are cracked
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and effluent is seeping from sewage pipes. Council officers have 
told occupants to leave because the house will collapse if it 
slips another 3” off its foundations. Water main had burst under 
the house.
1974 - January 11
Rockfall in amphitheatre near Coalcliff.
1974 - January 17
Six cracks in brick foundations of house in Asquith Street, since 
March.
1974 - March 13
Mud into the back of two houses in Stephens Drive, Woonona. Retaining 
wall in Asquith Street collapsed on p.m. of 11th.
1974 - April 13
Report on damage to two homes at George Avenue, Bulli.
1974 - April 14
More on George Avenue.
1974 - May 2
Aid, Parker says the Illawarra Town Planning varying scheme will 
block development on any land susceptible to slippage.
1974 - May 30
House in Morrison Avenue, Coledale has slipped 18" off foundations 
and land has dropped 4 ft. House is fibro and 15 years old. Another 
house has been deserted after moving 2 ft down and 6 ft. away from 
its foundations.
1974 - June 5
Bulli Pass closed, due to subsidence along 40'.
1974 - June 7
House in George Street is to be sold from the land. Because they 
hadn't taken possession, the builders could claim the loss under
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their all-risks insurance policy. An engineers' report has gone 
to Council, and said foundations would have to be 2S ft. deep and 
still could move.
1974 - June 10
One family evacuates home in Asquith Street. Resident in Foothills 
Road has spent $1,500 on water diversion from his house which cost 
$27,000 18 months ago. House is 6 years old and he first noticed 
movement in March.
1974 - June 11
Photo of house in Morrison Avenue. Comments from another affected 
owner at Buttenshaw Drive. Mr. Jackson, local M.L.A., to ask for 
$1 or $1 compensation for people.
1974 - June 12
Photograph of home in Morrison Avenue. Jackson asks for the area 
to be declared a 'disaster area’.
1974 - June 13
An architect says many Wollongong homes are built on land susceptible 
to slip. Mt. Kembla is notorious and exceptional weather conditions 
are uncovering faults in other areas, e.g. Mt. Ousley, Austinmer 
and Thirroul. Aid. Parker says Council cannot divulge information 
because it would be liable to prosecution by the subdivider.
1974 - June 15
Parker calls for 'public release of "secret” maps'.
1974 - June 18
Paper calls for ready access for all to Bowman report.
1974 - June 20
Resident in Araluen Avenue, Mt. Kembla challenges value put on his 
land of $5,750 in January 1973, because his house has slipped over 
^ the length of the land.
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1974 - June 21
Value of above land reduced $500 to $5,250.
1974 - June 28
Mines Department announces Bowman report available for $4.50.
1974 - August 16
Landslip has caused Dobinson Road to be closed. The street 
parallels of section of Mt. Ousley Road that collapsed in a 
recent downpour. Claims for landslip compensation to Council now 
number 27 involving over $27,000.
1974 - August 28
Torrential rain has caused floods and slippage. Railway between 
Depto and Unanderra blocked by debris.
1974 - August 51
Resident evacuates home in Morrison Avenue.
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APPENDIX THREE
TEST FOR DIFFERENCE BETWEEN ANGLES OP UNSTABLE SLOPES 
ON TALUVIUM MEASURED IN THE FIELD (F) AND OFF MAPS (M)
BY BOWMAN (1972)
Test: Mann-Whitney (Seigel 1956, pp. 116-127)
Ho : that map and field measurements are from the same population.
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A sample of air-dried matrix was ground to pass a 200 mesh sieve.
X-ray analysis of the powder gave the total mineralogy of the sample.
Oriented mounts of the clay-size (<2y) fraction were also prepared, 
as some peaks of the minerals in this range are indefinite or obscured 
in the powder trace. About 30 g of the powdered soil were dispersed in 
25 ml of 5% Calgon and 150 ml of water. This was shaken for 2 hours in 
a reciprocating shaker box, transferred to a beaker and allowed to settl- 
through 5 cm for the appropriate time (3-4 hours depending on temperature). 
The top 5 cm of suspension were decanted and centrifuged for about one 
hour to recover the clays. These were re-dispersed in approximately 4 
times their volume of water and the resultant suspension pipetted onto 
half a microscope slide. To prevent rapid drying and cracking of the 
clay, the suspension was partially covered by a watchglass while drying. 
When dry, the mounts should be opaque and glossy.
X-Ray Patterns of the Expected Minerals
The following information is taken from Carroll (1970), from the 
manual of powder x-ray patterns and from Loughnan (1969, pers. comm. 1974). 
Kaolinite gives strong reflections at 7.1A° and 3.6A0. Neither glycolation 
nor heating to 450°C causes a change in the pattern. If however the 
Kaolinite is disordered, it may become amorphous on heating so that the 
peaks disappear.
Ulite gives strong reflections at 10,1A and 5.0A . Glycolation may 
cause the 10.1A° peak to shift to a higher spacing. Ethylene glycol is 
a polar liquid and causes expansion of the illite, if it is partly 
degraded. On heating the peaks of degraded illite - usually a broad peak
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at greater than 10A° - collapses to 10A° as water or glycol are driven 
from between the layers.
Chlorite gives peaks at 14A°, 4.7A° and 2.8A°. There is no change on 
glycolation but the 14A° peak may increase on heating.
Quartz f S i O g i v e s  peaks at 4.26 and 3.35, haematite at 2.69
and 2.51A°, goethite (FeO(OH)) at 4.21 and 2.69 and anatase (TiC^) at 
3.51. None of these change with heating or glycolation.
MontmorilIonite gives a peak at 15A° which expands to 17A° on glycolation 
(because glycol is a larger molecule than water) and collapses to 9A° 
on heating.
Method of Calculating Percentage Clay Mineralogy
The method is a modification of that used by Schultz (1964). No 
traces were run using mixtures of pure standards so that total clay 
could not be determined by X-ray.
Procedure was as follows:
1) total clay was taken to be the percentage of clay found by 
hydrometer method of particle size analysis. The clay slides used 
for X-ray diffraction showed no quartz and only minor anatase and 
goethite, so that the clay size fraction was assumed to be made
of clay minerals.
2) areas of the 7A° and 10A° peaks on slides heated to 300°C were 
calculated by counting squares on the recording paper. Schultz 
(p. 8) states that for well crystallised kaolinite, the peak area 
of kaolinite is double that of the peak area for an equal amount 
of illitic/montmorillonitic/mixed layer clays. (Freas, (1962), 
suggested a ratio of 3:1 but on the basis of very few values, and 
Burnett (1974) does not challenge Schultz’s (1964) ratio).




7A° peak area ~  2
(7AU peak area 2) + 10A° peak area
x 100 for heated slides
Because the mixed layer clays were largely degraded illite, and 
no montmorilIonite was detected, the remainder of Schultz method 
was inapplicable. The 10A° glycolated peak was often indistinct 
and merged with a broad peak of up to 17A°.
On the glycolated slides, the peak areas of the 7A°, 10A° (where 
distinct) and + 10A° peaks were measured.
The percentage of kaolinite was taken to be:
7A area f 2
(7A° area r 2) + 10A° area + over 10A° area
x 100 for glycolated 
slides
Where this percentage did not correspond to that calculated in 
step 2, the baseline was raised within the peaks until corres­
pondence of ±1% was reached. This adjustment was necessary in 
most cases but was thought justified because the baseline in the 
glycolated samples was often hard to determine, and was (possibly 
unevenly) enhanced by a high amorphous iron content. The baselines 
in the heated samples were far less irregular and peaks rose 
sharply from them.
5) Thence the percentage illite =
10A° area x 100
corrected 7A° area + 10A° area + over 10A° area
The percentage mixed layer clay - 
over 10A° area x 100
corrected 7A° area + 10A area + over 10A area
The three percentages were then multiplied by the percentage 
clay size fraction for each sample.
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7) For each sample the percentage of silica, alumina, iron III 
oxide and potassium oxide contained in its clay minerals was
calculated, using the following data:
Kaolinite %Si02 46 %A12°3 40
Illite %Si02 53 %A12°3 27 9°Fe2°3 5 %K2° 7
Degraded
Illite
%Si02 58 %A12°3 29 %Fe203 5.5 %K20 0
(Other authorities, e.g. Grim (1954) give formulae for illite 
which contain higher percentages of potassium, but as the mineral 
is highly variable, Schultz's value was taken).
8) The percentages obtained were then compared with the composition of 
the whole sample determined by atomic absorption spectroscopy.
The percentages of each clay mineral as determined above were 
considered correct if:
a) the percentage K^O calculated instep 7 was approximately 
1% less than the total determined by AA, because 3 
samples with no defined illite peak contained 1-1.5% K^O.
b) the percentage A^O^, calculated in step 7 was equal to, 
or up to 3% to less than, the total determined by AA, as 
a small amount of aluminous material could occur in the 
+2 micron fraction, although this was dominantly quartz 
sand.
9) The percentage Si02 in the clays was then subtracted from the 
total percentage determined by AA and the remainder was con­
sidered to be quartz.
10) The percentage F e ^  was also subtracted from the total deter­
mined by AA and the remainder was considered to be amorphous
iron oxide.
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percentage mixed layer clay 
percentage amorphous iron oxide 
percentage volatile matter
= a total a little less than 100% because of minor titanium 
(approximately 1% as oxide), phosphorous, magnesium, sodium 
and calcium (all less than 1% as oxide).
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TEST FOR DIFFERENCE OF CLAY CONTENTS BETWEEN TYPE M AND TYPE U 
TALUVIAL MASSES SAMPLED OVER THE STUDY AREA (42 SAMPLES)
nx = 19, X = 45.4%, = 6.6%
N2 = 23, X2 = 44.6%, a2 = 10.9%
APPENDIX SIX
h i  + ° 2  = ° - 8 = 0 , 2 9J  2 - 73
H : that the means are the same, i.e. i.e. there iso 1 2
no significant difference in clay content.
Test : Reject H if Z > Z
J o p
Level of significance = 0.99, thence gg = 2.57 
Result : Z = 0.29 = 2.57
Therefore do not reject H . There is no difference in clay content 
between Type M and Type U masses, at 99% significance level. 




TESTS FOR DIFFERENCE BETWEEN MULTIPLE SAMPLES AT THREE SITES
APPENDIX SEVEN
Test : Kruskal-Wallis one-way analysis of variance (Siegel 1956, p.184)
Property : Plasticity Index
Mt. Ous1ey Buttenshaw Drive Cope Place
1 Rank 1 Rank 1 RankP P P
45 17 39 10.5 52 23.5
37 8 41 15 31 . 2
49 20.5 33 3.5 38 9
51 22 52 23.5 45 17
40 13 45 17
48 19 49 20.5
35 6 36 7







n^= 12 Rx=148 n2=8 R2=100.5 n =4 R.3 = 51.5
R12/n=1825.3 R22/n=1262.5 R32/n=663.1
N = 24 
Z R2/n
3750.9
12 x 3750.9 3 x 25




3 1 = 3 - 1 = 2
H : 0 that all values are from the same, or identical, populations
Test : 2rej ect H if H > x 
J o p
2Significance level : 0.05, therefore x = 5.99
Result : H = 0.18 < x2 = 5.99
Therefore do not reject Hq; all samples must be considered to come 
from identical populations.
Property : Clay content (% finer than 2y)
nx = 12, R = 125; n2 =8, R2 = 122; n3 = 4, R3 = S3'




H = 2.3 < x2 = 5.99 and all samples must be considered
to come from identical populations.
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LIST OF RAINFALL STATIONS IN THE ILLAWARRA 
WITH THEIR PERIODS OF RECORD1
APPENDIX EIQIT
68000 Albion Park 1892-1974
68002 Avon Dam 1919-1967
009 Burrawang 1892-1966
016 Cataract Dam 1904-1972
018 Cordeaux 1 Dam 1910-1967
019 Cordeaux 2 Dam 1916-1967
022 Dapto B. Club 1908-1072
023 Dapto West 1898-1972
024 Darkes Forest 1895-1972
028 Helensburgh 1890-1974
039 Maddens Creek 1908-1970
040 Maguires Crossing 1929-1970
046 Mt. Pleasant 1907-1964
049 O ’Brien's Gap 1926-1953
053 Pt. Kembla 1950-1972
056 Sherbrooke 1893-1970
057 Sublime Point 1908-1967
060 Unanderra 1903-1969
061 Viaduct Creek 1934-1964
069 Wollongong P.O. 1870-1953
070 Woronora Dam 1928-1970
074 Smith's Hill 1938-1972
086 Mt. Keira S. Camp 1944-1974
1 Some stations shown only to 1972 are still in service
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107 Mt. Keira Summit 1962-1904





116 Pheasants Ground 1963-1969




126 Nidgee Stud 1963-1972
129 Albion Park (Parkvale) 1963-1966




168 Knights Hill 1964-1972
169 Mt. Keira Township 1966-1972
170 Mt. Nebo Colliery 1966-1972
171 O'Brien’s Road 1966-1970
172 Mt. Kembla 2 1966-1967
173 Cordeaux Road 1967-1968




REGRESSION OF ANNUAL AVERAGE RAINFALLS FOR 1931-45 and 1946-60
ON A.A.R. FOR 1931-1960
Station 1931-45 1946-60 1931-60
Albion Park 935 mm 1331 mm 1133 mm
Helensburgh 1283 1700 1492
Darkes Forest 1329 1650 1464
Burrawang 1275 1762 1518
Sublime Point 1340 1556 1448
Woonona 1103 1451 1277
Mt. Pleasant 1255 1759 1507
Dap to 914 1281 1098
Dapto West 1009 1314 1162
Cordeaux Dam 2 1409 1840 1624
Avon Dam 827 1118 973
Cordeaux Dam 1 987 1262 1124
Cataract Dam 886 1306 1096
Estimated
Coledale 1428 1248
O ’Brien's Gap 1306 1502
Clifton 1596 1402
Mt. Keira S.C. 1852 1637
Unanderra 1002 1174
Smith's Hill 1343 1170
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For 1931-45 on 1931-60
Y (1931-45) = -86.73 + 0.927 X (1931-1960) 
r = 0.079, r2 = 0.95
For 1946-60 on 1931-60
Y (1946-60) = 68.05 + 1.09 X (1931-60) 
r = 0.987, r2 = 0.974
In both cases, at 95% level of significance, 0.90 < r < 0.99 
(see Wonnacott and Wonnacott 1969, p. 295). t
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APPENDIX TEN









2yr (Gumbel) 1067 1041 1727
(semi-log) 1092 991 1676
Syr (Gumbel) 1397 1448 2388
(semi-log) 1372 1372 2337
lOyr(Gumbel) 1626 1702 2743
(semi-log) 1600 1676 2896
25yr(Gumbel) 1880 2032 3251
(semi-log) 1905 2083 3404
50yr(Gumbel) 2083 2286 no. est.
(semi-log) 2235 2362 no. est.
1 Values for Mt. Keira Scout Camp (1944--1972), Albion Park (1893-
1970) and Wollongong P.0. (1871-1952) were ranked, the recurrence
intervals calculated and the data plotted both on Gumbel Extreme 
Value Probability Paper and semi-logarithmic (log-normal) paper.
Source Bureau of Meteorology data, analysed by author.
-200a-
l\PPeN dix ¡1
P ¡¿OP t R T i t l  CF i.7'3So<_U.'7 AT 
~H£ K)OiiT"Hc'<W Oi T£ AOSTi As/Mfii
V̂jî» »/ « 
WfV+w’ v̂ } ‘J’*'v ' f 'J
Liy**











gC'AE'HOuE | | / 6(> Zi 2-4*1 4 L
2 (6 / 2-58 4-5 6-5 S7 C ■ (< ■? /•/ - 6 5
3 (5-7 2 65 4 -«
4 i s - s Z-bC 4 - 7 ■ 0-8 i 7 PI 7
S tS-2 2 S f 5- 5
4 iS-t 2 5 ? b - t b s 74 1 4 2- 3
7 t f - 0 2 69 y. t
? IA-A 2-6(7 5- 9 74 -44 iZ- iO ( - 4 - / 7 V
7 (4-4 2 • 6 ( s u
lO ¡4-0 Zt>9 b-0
11 i S I 2,-bS ¿•5
iZ 1 3 S 2-6' b-S 1 - 4 14 IZ 5- /
(3 (3 2 2-64 5'S 34 lt> f - cl
(4 i l i 64 2-S8 5'3 33 /4 b - s h-4 54 X! 6-4
<5 iZ-0 65 2-bS b -2 12 0 52 I l il Z
ib 4- < 50 ¿■bti 42 ¿ s ï - o 10-4 52 11 12 5
gdifHOLÊ- 2 1 1 7-c> i  4 2 -60 S-o IC-0 64 IS 72
l i b-4 l i 2 65 5-4 4-« 65 iS 6 ?
3 (4 5 4 2-58 5-4 4L 64 i 5 4-5
4 ib 4 f l 2 -63 5 5 4 9 65 / 4 8-3
5 i5-% z o 2-46 6-5 fir-7 6 3 /S 1-0
b l b ’5 f l 2-64 4 - o 8-9 6 9 (4 6 7
1 14-9 45 2-4? 4-8 8-0 71 l 3 7-4
% i4-4 f l ¿■10 4 7 ¿ r 4-5 %-l 11 (2 4 1
4 \4-6 b l 1 ‘10 4 1 ,L i - i l l % 5 S ib /2-4
to i S S b o ¿•6/ '7 7 52 1-4 1-1 76 n 2-6
1 1 ¡¿■H 7 V 2 • 60 %-c 1 5 0 54 10 7-6
'2 iZ-5 n 2*64 T 9 a s 52 (9 (2- 3
BO«EM£>Lf 3 1 t s o 2-63 4-6 i o a 55 i l // -0
2 lZ-% 2-61 4 « 7-4 11 a 7-3
3 (2-5 2-67 6 '4 ?-5 b l a 9-s
4 IZ-l 2- 6 3 6-4 8-9 bS 14 6-9
S a i to 2-73 65 45 b-4 9 9 52 i l i l - 4
L U-H ¿-64 7-4 4 4 b o n 7- (
1 i i s SS 2-64 ¿2 4 / /6-6 6-9 4-9 69 i 2 7-0
1 il- S 2-6 7 sr-ü ¿••■b 74 (4 2-9
4 il - 3 2- 70 8-o ?■ 4 6 i l 8 - î
lO io-9 s o 2-64 51 54- 7-1 io-2 58 ZI // ■ 4
1 1 4-s 35 2-7' 32 i f 8-2 U-S 45 IZ /¿»•o
-200b-
*\«ÌV£-4 door*- i afk̂ rnf̂  dai-v
. J J L _




— po.lt. yellow C|A^ • -
i t
l/<vev**l>J rt.O'Ulecl SA«\<iy ¡ 
pebblj dû. y - o/iSir\+«yrvi!-Ai boold *r
Ur-nottloX ÌO*£Ì<e c Î -h
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The Illawarra escarpment at 
Coledale showing two small 
rockfalls, the cleared Wombarra 
Claystone bench and dissected 
Coal Measure spurs cut by the 
railway line
Plate 2 The coastal plain; looking south from Sublime Point, above^ 
Austinmer. Cuttings expose Type M taluvium, Mt. Keira is in the middle 
distance and the narrowing of the plain as the scarp curves back to the 
coast beyond Albion Park is clear.
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Plate 3 The rockfall above Dombarton siding. Note the thinness of 
debris on the slope and that debris has not reached the cleared bench. 
The rail line can be seen in the foreground, and a smaller fall to the 
east.
Plate 4 Clowes Park, Austinmer. Bouldery mottled Type M taluvium. 
(transect sample A10 from this face).
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Plate 5 Type M taluvium overlying 
Coal Measure strata on Mt. Ousley 
Road. Though not reticulate, 
the mottling is very well- 
developed.
Plate 6 Type U taluvium opposite the southern site on Buttenshaw Drive. 
I t  is unmottled, poorly structured, stoney and grey-brown in colour.
-216-
Plate 7 Type U taluvium 50 m north of Plate 6 location. Again 
til is is* unmottled but it is unstructured, bouldery and yellow-brown. 
(Transect sample A8, again different in characteristics, was taken 
from near this site).
Plate 8 Coledale beach.
Large Hawkesbury Sandstone 
blocks in Type M taluvium directly 
overlying the Tongarra Coal.
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Plate 9 Debris avalanche off the Scarborough Sandstone bench 
behind Morrison Avenue, Coledale. Note the shallowness of the 
movement.
Plate 10 Long Point, Austinmer. Two Type M taluvial masses overlying 
one another, both above the Tongarra Coal. Their boulder composition 
differs, but both are strongly red-white mottled (Transect samples 
11 and 12; see also Tables 2-1, 3-8).
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Plate 11 Jamberoo Pass Road, south of the study area. Well-developed 
Type M mottling in two overlying deposits separated by an old A soil 
horizon.
Plate 12 Fine red-white mottling in Type M taluvium on Bulli Pass. 
(Transect sample BP6). Numerous small pebbles have broken flow 
through the soil and restricted development of coarser mottles.
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Plate 13 Well-developed 
reticulate mottling in Type M 
taluvium on Bulli Pass 
(Transect sample BP7).
Location is 10 m downhill from 
site of Plate 12.
Plate 14 Alanson Avenue, Bulli, May 1974. Disruption to the road 
and fill is clear. Guard rail has collapsed over the roadside.
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Plate 15 George Avenue, Bulli 
Stormwater pipe discharging 
into the disrupted slope and 
foundations area of a slip- 
affected home.
Plate 16 Stuart Place, Bulli. Slump cutting across two blocks, 
March, 1975. Note the copious boulders in the taluvium.
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Plate 17 Cope Place, April 1971 (by courtesy, Dr. R. Facer). Red 
Type M taluvium overlies pale Coal Measure shales.
Plate 18 Cope Place, October 1973. Broken sandstone has mounded 
behind the kerb, the driveway has been pushed across the road and 
trees near the road have fallen and died.
-2 2 2 “
Plate 19 Cope Place, September 1974. The driveway has fallen and 
Been over-ridden by debris, the mound is dissected by gullies and 
trees previously above the cutting have moved downslope.
Plate 20 Uphill movement, Mt. Ousley Road, July 1974. The tension 
crack winds from the lower left foreground to the man in the middle 
distance.
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Plate 21 Dobinson Road, Mt. 
Ousley, July 1974. The 
disrupted kerbing is due to 
mass movement and flooding. 
The cutting on the left has 
failed across the kerbing 
and the block behind it is ' 
severely disrupted. The cul­
vert in the middle background 
was cracked and closed over 
by the movement.
Plate 22 Dobinson Road, Mt. Ousley, March, 1975, looking from the 
culvert towards Broker’s Road. Severe erosion due to flooding.
224-
Plate 23 Southern site, Austinmer, May 1973, showing recently 
dug drainage trenches and tilted trees.
Plate 24 Southern site, September 1974, showing retreat of the 
headscar across the slipped area. Trees are upright but swing 
to different positions as the slump blocks move.
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Plate 25 Demolished house on northern site, Austinmer, September 
1974. The headscar runs from the middle foreground and past the 
brickwork. It can be seen near the road in the background.
